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l 


1.1 Physical Quantities & Measurement Techniques 


1.1.1 Measurement 


Measuring Length & Volume 
e Rulers can be used to measure small distances of a few centimetres (cm). 


o They are able to measure to the nearest millimetre (mm) 


C E 
o 1 2 3 4 5 6 7 8 9 40 


A ruler can measure small distances to the nearest mm 


e When measuring larger distances (of a few metres) a tape measure is more 
appropriate or, when measuring even larger distances, a trundle wheel 


Trundle wheels can be used to measure large distances 


e Measuring cylinders can be used to measure the volume of liquids 
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o By measuring the change in volume, a measuring cylinder can also be used to 
find the volume of an irregular shape 


VOLUME OF IRREGULAR 
OBJECT = MEASUREMENT 


ALWAYS MEASURE 
FROM THE BOTTOM 
OF THE MENISCUS 


AFTER — MEASUREMENT 
BEFORE = ANSWER 


MEASUREMENT 
° AFTER 


e.g. 34cm? 
MEASUREMENT 


© BEFORE 
e.g. 24cm? 
e.g. VOLUME OF 
IRREGULAR OBJECT = 


341-24 =7cm’* 


Measuring cylinders can be used to determine the volume of a liquid or an irregular 
shaped solid 


© Worked Example 


The diagram shows four identical ball-bearings placed between two blocks 


on a Steel ruler. 
OP 2D 


9 40111213 1A STE 


Calculate the diameter of one ball-bearing. 
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Step 1: Measure the length of all four ball-bearings YOUR NOTES 


o The blocks mark the edges of the first and last ball bearings 4 
o The blocks make it easier to measure the length of all four ball-bearings 


Total length = 12 cm-4cm=8cm 
Step 2: Divide the total length by the number of ball-bearings 
Diameter = total length + number of ball-bearings 
Diameter = 8 + 4 


Diameter = 2 cm 
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Measuring Time 


e Stop-clocks and stopwatches can be used to measure time intervals 

e An important factor when measuring time intervals is human reaction time. This 
can have a significant impact upon measurements when the measurements 
involved are very short (less than a second) 


© Worked Example 


A stopwatch is used to measure the time taken for a runner to complete a 
lap of a 400 m track. 


The images below give the readings on the stopwatch at the start and the 
end of the lap. 


min s 1/400s 


min_s 1/100s 
(0:55:10) 


START OF LAP END OF LAP 


Calculate how long it took the runner to complete the lap. Give your answer 
in seconds. 


Step 1: Identify the start time for the lap 


o The stopwatch was already at 0:55:10 when the runner started the lap 
o Start time = 55.10 seconds (s) 


Step 2: Identify the finish time for the lap 


o The stopwatch reads 1:45:10 at the end of the lap 
o Finish time = 1 minute and 45.10 s 


Step 3: Convert the finish time into seconds 
1 minute = 60 seconds 
Finish time = 60 s + 45.10 s 


Finish time = 105.10 s 


Step 4: Calculate the time taken to complete the lap 
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The time taken to complete the lap = finish time — start time YOUR NOTES 
4 


Time taken to complete lap = 105.10 s — 55.10 s 


Time taken to complete lap = 50s 


©) Exam Tip 
2 You will sometimes find that information is given in the question that is not 
actually needed in the calculation. 


In this worked example, you were told that the track the runner is running 
on is 400 m. This had nothing to do with the calculation the question asked 


you to perform. 


This is acommon method for making a question seem more difficult. Don't 
let it catch you out! 


Multiple Readings 


y SF 


—~w `~ LF 
THICKNESS OF STACK IF A STACK OF 100 TIME TAKEN FOR 40 SWINGS IF THE TIME TAKEN 
+ NUMBER OF SHEETS SHEETS |S 23mm, + NUMBER OF SWINGS FOR THE PENDULUM 
=THICKNESS OF ONE THE THICKNESS OF =TIME TAKEN FOR 4 SWING TO SWING 40 TIMES 
SHEET ONE WILL BE IS 45s, THE TIME FOR 

23 +100 = 0.23mm ONE SWING |S 145s 


e Suppose you have to measure the thickness of a sheet of paper 
o The thing that you are trying to measure is so small that it would be very 
difficult to get an accurate answer 
e If, however, you measure the thickness of 100 sheets of paper you can do so much 


more accurately 
o Dividing your answer by 100 will then give an accurate figure for the thickness 


of one sheet 
e This process of taking a reading of a large number of values and then dividing by 


the number, is a good way of getting accurate values for small figures, including 


(for example) the time period of a pendulum 
o Measure the time taken for 10 swings and then divide that time by 10 to find 


the average 
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1.1.2 Scalars & Vectors YOUR n 


Scalar & Vector Quantities 
EXTENDED 


e All quantities can be one of two types: 
o A scalar 
o A vector 


Scalars 
e Scalars are quantities that have only a magnitude 
o For example, mass is a scalar since it is a quantity that has magnitude without 
a direction 
o Distance is also a scalar since it only contains a magnitude, not a direction 


Vectors 
e Vectors have both magnitude and direction 
e Velocity, for instance, is a vector since it is described with both a magnitude and a 
direction 
o When describing the velocity of a car it is necessary to mention both its speed 
and the direction in which it is travelling 
o For example, the velocity might be 60 km per hour (magnitude) due west 
(direction) 


e Distance is a value describing only how long an object is or how far it is between 
two points - this means it is a scalar quantity 
e Displacement on the other hand also describes the direction in which the distance 
is measured - this means it is a vector quantity 
o For example, a displacement might be 100 km north 
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Examples of Scalars & Vectors YOUR NOTES 
EXTENDED l 


e The table below lists some common examples of scalar and vector quantities: 


Scalars & Vectors Table 


Scalar Vector 


pe pe 
a 
es 


ay aie 
O 
e 
o pee 
p 
O ea 


e Some vectors and scalars are similar to each other 
o For example, the scalar quantity distance corresponds to the vector quantity 
displacement 


e Corresponding vectors and their scalar counterparts are aligned in the table where 
applicable 


Page 9 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_—— 


9/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


Using Scalars & Vectors YOUR NOTES 
EXTENDED l 


e The worked example below illustrates how to determine whether a quantity is a 
scalar or a vector 


© Worked Example 
(J 
Blu is in charge of training junior astronauts. For one of his sessions, he 


would like to explain the difference between mass and weight. 


Suggest how Blu should explain the difference between mass and weight, 
using definitions of scalars and vectors in your answer. 


Step 1: Recall the definitions of a scalar and vector quantity 


© Scalars are quantities that have only a magnitude 
o Vectors are quantities that have both magnitude and direction 


Step 2: Identify which quantity has magnitude only 


o Mass is a quantity with magnitude only 
o So mass is a scalar quantity 
a Blu might explain to his junior astronauts that their mass will not change 
if they travel to outer space 


Step 3: Identify which quantity has magnitude and direction 


o Weight is a quantity with magnitude and direction (it is a force) 
o So weight is a vector quantity 
a Blu might explain that to his junior astronauts that their weight - the force 


on them due to gravity - will vary depending on their distance from the 
centre of the Earth 


©) Exam Tip 
> Make sure you are comfortable with the differences between similar scalars 
and vectors, the most commonly confused pairings tend to be: 


e Distance and displacement 
e Speed and velocity 
e Weight and mass 
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1.1.3 Calculating with Vectors YOUR o 


Calculations with Vectors 
EXTENDED 


e Vectors are represented by an arrow 
o The arrowhead indicates the direction of the vector 
o The length of the arrow represents the magnitude 


FORCE B 


MAGNITUDE: 2N 
DIRECTION: UP 


FORCE A 


MAGNITUDE: 5N 
DIRECTION: RIGHT 


The two force vectors acting on the object have both a direction and a magnitude 


e Component vectors are sometimes drawn with a dotted line and a subscript 
indicating horizontal or vertical 
o For example, F,is the vertical component of the force F 


Calculating Vectors Graphically 


e Vectors at right angles to one another can be combined into one resultant vector 
o The resultant vector will have the same effect as the two original ones 


e To calculate vectors graphically means carefully producing a scale drawing with all 
lengths and angles correct 
o This should be done using a sharp pencil, ruler and protractor 


e Follow these steps to carry out calculations with vectors on graphs 


1. Choose a scale which fits the page 
a For example, use 1 cm = 10 m or 1 cm = 1 N, so that the diagram is 
around 10 cm high 
. Draw the vectors at right angles to one another 
. Complete the rectangle 
. Draw the resultant vector diagonally from the origin 
. Carefully measure the length of the resultant vector 
. Use the scale factor to calculate the magnitude 
. Use the protractor to measure the angle 


NO WM BW YN 
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YOUR NOTES 
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0 = 37° (FROM HORIZONTAL) 
F, = 5N 37° FROM HORIZONTAL 


Vectors can be measured or calculated graphically if you are confident in using scales 


Combining Vectors by Calculation 
e In this method, a diagram is still essential but it does not need to be exactly to 


scale 
e The diagram can take the form of a sketch, as long as the resultant, component 


and sides are clearly labelled 


F, 


Fz 


Resolving two force vectors Fı and F2 into a resultant force vector Fr 


e Use Pythagoras' Theorem to find the resultant vector 


PYTHAGORAS’ THEOREM c?=a?+ b? 
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Pythagoras's Theorem makes calculating vectors at right angles much simpler YOUR NOTES 


e Use trigonometry to find the angle l 


e The mnemonic 'soh-cah-toa' is used to remember how to apply sines and cosines 
to resolve the sides of a triangle 


SN= OPPOSITE TAN = OPPOSITE 
HYPOTENUSE ADJACENT. 


SOH CAH TOA 


ADJACENT, 


COS = YPOTENUSE 


hyp 


opp 


Za) 


adj 
Trigonometry and Pythagoras' Therom are essential in vector calculations 


© Worked Example 


° A hiker walks a distance of 6 km due east and 10 km due north. 


Calculate the magnitude of their displacement and its direction from the 
horizontal. 


Step 1: Draw a vector diagram 
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7 10 km NORTH 


6 km EAST 


Step 2: Calculate the magnitude of the resultant vector using Pythagoras' 
Theorem 


Resultant vector = ./62 + 102 
4/136 


11.66 


Step 3: Calculate the direction of the resultant vector using trigonometry 


Resultant vector 


Resultant vector 


; 10 km NORTH 


6 km EAST 


opposite _ 10 
adjacent 6 


tan = 
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Step 4: State the final answer complete with direction 


Resultant vector = 12 km 59° east and upwards from the horizontal 


©) Exam Tip 


If the question specifically asks you to use the calculation or graphical 
method, you must solve the problem as asked. However, if the choice is left 
up to you then any correct method will lead to the correct answer. 


The graphical method sometimes feels easier than calculating, but once you 
are confident with trigonometry and Pythagoras you will find calculating 
quicker and more accurate. 
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1.2.1 Speed & Velocity 


Speed 


e The speed of an object is the distance it travels per unit time 


e Speed is a scalar quantity 
o This is because it only contains a magnitude (without a direction) 


e For objects that are moving with a constant speed, use the equation below to 
calculate the speed: 


distance travelled 


speed = - 
P time taken 
e Where: 
o Speed is measured in metres per second (m/s) 
o Distance travelled is measured in metres (m) 
o Time taken is measured in seconds (s) 


-EA 


A hiker might have an average speed of 2.0 m/s, whereas a particularly excited 
bumble bee can have average speeds of up to 4.5 m/s 
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Average Speed YOUR NOTES 
l 


e In some cases, the speed of a moving object is not constant 
o For example, the object might be moving faster or slower at certain moments 
in time (accelerating and decelerating) 


e The equation for calculating the average speed of an object is: 


distance travelled 


Average speed = : 
verage sp time taken 


e The formula for average speed (and the formula for speed) can be rearranged with 
the help of the formula triangle below: 


TOTAL 
DISTANCE 


AVERAGE 
SPEED 


How to Use Formula Triangles 


e Formula triangles are really useful for knowing how to rearrange physics equations 
e To use them: 


1. Cover up the quantity to be calculated, this is known as the 'subject' of the 
equation 
2. Look at the position of the other two quantities 
o If they are on the same line, this means they are multiplied 
o If one quantity is above the other, this means they are divided - make sure to 
keep the order of which is on the top and bottom of the fraction! 


e In the example below, to calculate speed, cover-up 'speed' and only distance and 
time are left 
o This means itis equal to distance (on the top) + time (on the bottom) 


DISTANGB N 
| N / 1g AN J me | seo\ 
LZ 
DISTANCE DISTANCE 
TIME = Seen SPEED = — oe DISTANCE = TIME x SPEED 
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How to use formula triangles YOUR NOTES 


l 
© Worked Example 


Planes fly at typical speeds of around 250 m/s. Calculate the total distance 
travelled by a plane moving at this average speed for 2 hours. 


Step 1: List the known quantities 


o Average speed = 250 m/s 
o Time taken = 2 hours 


Step 2: Write the relevant equation 


distance travelled 


Aver = - 
verage speed time taken 


Step 3: Rearrange for the total distance 
total distance = average speed x time taken 
Step 4: Convert any units 


o The time given in the question is not in standard units 
o Convert 2 hours into seconds: 


2 hours = 2 x 60 x 60 = 7200s 
Step 5: Substitute the values for average speed and time taken 


total distance = 250 x 7200 = 1 800 000 m 
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Velocity YOUR NOTES 


e The velocity of a moving object is similar to its speed, except it also describes the J 
object’s direction 
o The speed of an object only contains a magnitude - it’s a scalar quantity 
o The velocity of an object contains both magnitude and direction, e.g. ‘15 m/s 
south’ or ‘250 mph on a bearing of 030°’ 


e Velocity is therefore a vector quantity because it describes both magnitude and 
direction 


SPEED = 20 m/s SPEED = 20 m/s 
VELOCITY = 20 m/s EAST VELOCITY = 20 m/s WEST 
N G 
2 S 


e The equation for velocity is very similar to the equation for speed: 


displacement 


velocity = fae 


S 
v=— 
t 


e Where: 
o v= velocity in metres per second (m/s) 
o s= displacement, measured in metres (m) 
o t= time, measured in seconds (s) 
e Velocity is a vector quantity, so it uses displacement, s, rather than distance which 
is scalar. 


Page 19 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_—— 


19/569 


(save my exams 


Head to savemyexams.co.uk for more awesome resources 


1.2.2 Acceleration 


Acceleration 
EXTENDED 


e Acceleration is defined as the rate of change of velocity 
o In other words, it describes how much an object's velocity changes every 
second 


e The equation below is used to calculate the average acceleration of an object: 


. change in velocity 
acceleration = —-_——_,_____ 
change in time 


_ Av 
a= At 


e Where: 
o a= acceleration in metres per second squared (m/s?) 
o Av = change in velocity in metres per second (m/s) 
o At = time taken in seconds (s) 


e The change in velocity is found by the difference between the initial and final 
velocity, as written below: 


change in velocity = final velocity — initial velocity 
Av=v-u 


e Where: 
o v= final velocity in metres per second (m/s) 
o u = initial velocity in metres per second (m/s) 


e The equation for acceleration can be rearranged with the help of a formula triangle 
as shown: 


Speeding Up & Slowing Down 


e An object that speeds up is accelerating 
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e An object that slows down is decelerating YOUR NOTES 
e The acceleration of an object can be positive or negative, depending on whether J 
the object is speeding up or slowing down 
© If an object is speeding up, its acceleration is positive 
o If an object is slowing down, its acceleration is negative (sometimes called 
deceleration) 


aq=-5m/? 
THIS CAR IS DECELERATING 
AS ORDERED TO SLOW DOWN 
BY THE PERSON 


a = +30 m/s? 
THIS ROCKET |S 

ACCELERATING UP 
TO SPACE 


A rocket speeding up (accelerating) and a car slowing down (decelerating) 


© Worked Example 


A Japanese bullet train decelerates at a constant rate in a straight line. The 
velocity of the train decreases from 50 m/s to 42 m/s in 30 seconds. 


(a) Calculate the change in velocity of the train. 


(b) Calculate the deceleration of the train, and explain how your answer 
shows the train is slowing down. 


Part (a) 
Step 1: List the known quantities 


o Initial velocity = 50 m/s 
o Final velocity = 42 m/s 


Step 2: Write the relevant equation 
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change in velocity = final velocity — initial velocity YOUR NOTES 
Step 3: Substitute values for final and initial velocity l 
change in velocity = 42 — 50 = -8 m/s 
Part (b) 
Step 1: List the known quantities 


o Change in velocity, Av = — 8 m/s 
o Time taken, t= 305s 


Step 2: Write the relevant equation 


_ Av 
2 At 
Step 3: Substitute the values for change in velocity and time 
a= —8 + 30 = -0.27 m/s 


Step 4: Interpret the value for deceleration 


o The answer is negative, which indicates the train is slowing down 


©) Exam Tip 


w k A 
Remember the units for acceleration are metres per second squared, m/s?. 
In other words, acceleration measures how much the velocity (in m/s) 
changes every second, m/s/s. 
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1.2.3 Distance-Time Graphs YOUR n 


Distance-Time Graphs 


e A distance-time graph shows how the distance of an object moving in a straight 
line (from a starting position) varies over time: 


THIS OBJECT’S DISTANCE IS INCREASING 
WITH TIME. IN OTHER WORDS, IT IS MOVING 
FURTHER AWAY FROM ITS STARTING POSITION 


DISTANCE 


TIME 


This graph shows a moving object moving further away from its origin 


Constant Speed on a Distance-Time Graph 
e Distance-time graphs also show the following information: 
o If the object is moving at a constant speed 
o How large or small the speed is 


e A straight line represents constant speed 

e The slope of the straight line represents the magnitude of the speed: 
o Avery steep slope means the object is moving at a large speed 
o A shallow slope means the object is moving at a small speed 
o A flat, horizontal line means the object is stationary (not moving) 
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DISTANCE 


STEEPER SĽORE 
MEANS LARGER ° 
SPEED 


SHALLOWER SLOPE 
MEANS SMALLER 
SPEED 


TIME 


This graph shows how the slope of a line is used to interpret the speed of moving 
objects. Both of these objects are moving with a constant speed, because the lines 
are straight. 


Changing Speed on a Distance-Time Graph 
e Objects might be moving at a changing speed 


o This is represented by a curve 


e In this case, the slope of the line will be changing 
o Ifthe slope is increasing, the speed is increasing (accelerating) 
o If the slope is decreasing, the speed is decreasing (decelerating) 


e The image below shows two different objects moving with changing speeds 
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DISTANCE 


DECREASING 
SLOPE MEANS : 
DECREASING SPEED 


INCREASING 
e SLOPE MEANS 
INCREASING SPEED 


TIME 


Changing speeds are represented by changing slopes. The red line represents an 
object slowing down and the green line represents an object speeding up. 
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Using Distance-Time Graphs 


e The speed of a moving object can be calculated from the gradient of the line ona 
distance-time graph: 


p d= g dient = d 
speed = gradient = —— 
run 


GRADIENT = ae 


RUN 


DISTANCE 


TIME 


The speed of an object can be found by calculating the gradient of a distance-time 
graph 


The rise is the change in y (distance) values 
The run is the change in x (time) values 
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YOUR NOTES 


© Worked Example l 


A distance-time graph is drawn below for part of a train journey. The train 
is travelling at a constant speed. 


DISTANCE (km) 


0) 4 2 3 4 5 6 
TIME (MINUTES) 


Calculate the speed of the train. 


Step 1: Draw a large gradient triangle on the graph and label the magnitude of 
the rise and run 


The image below shows a large gradient triangle drawn with dashed lines 
The rise and run magnitude is labelled, using the units as stated on each axes 
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i RISE = 8 km 


DISTANCE (km) 
KR 


1 
| 
| 
| 
I 
| 
l 
| 
| 
| 


(0) 1 2 3 4 5 6 
TIME (MINUTES) 


Step 2: Convert units for distance and time into standard units 


The distance travelled (rise) = 8 km = 8000 m 
The time taken (run) = 6 mins = 360 s 


Step 3: State that speed is equal to the gradient of a distance-time graph 


The gradient of a distance-time graph is equal to the speed of a moving 
object: 


P reer rise 
speed = gradient = —— 
P 9 run 


Step 4: Substitute values in to calculate the speed 
speed = gradient = 8000 + 360 


speed = 22.2 m/s 
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© Worked Example YOUR ~ 
e 


Ose decides to take a stroll to the park. He finds a bench in a quiet spot and 
takes a seat, picking up where he left off reading his book on Black Holes. 
After some time reading, Ose realises he lost track of time and runs home. 


A distance-time graph for his trip is drawn below. 


DISTANCE (km) 


TIME (MINUTES) 


a) 

How long does Ose spend reading his book? 

b) 

There are three sections labelled on the graph, A, B and C. Which section 
represents Ose running home? 

c) 

What is the total distance travelled by Ose? 


Part (a) 


Ose spends 40 minutes reading his book 

The flat section of the line (section B) represents an object which is stationary 
- so section B represents Ose sitting on the bench reading 

This section lasts for 40 minutes - as shown in the graph below 
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l 


DISTANCE (km) 


TIME (MINUTES) 


Part (b) 


Section C represents Ose running home 
The slope of the line in section C is steeper than the slope in section A 
This means Ose was moving with a larger speed (running) in section C 


Part (c) 


The total distance travelled by Ose is 0.6 km 

The total distance travelled by an object is given by the final point on the line 
- in this case, the line ends at 0.6 km on the distance axis. This is shown in 
the image below: 
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YOUR NOTES 
l 


DISTANCE (km) 


TIME (MINUTES) 


©) Exam Tip 


> Use the entire line, where possible, to calculate the gradient. Examiners 
tend to award credit if they see a large gradient triangle used - so 
remember to draw these directly on the graph itself! 


Remember to check the units of variables measured on each axis. These 
may not always be in standard units - in our example, the unit of distance 
was km and the unit of time was minutes. Double-check which units to use 
in your answer. 
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YOUR NOTES 


1.2.4 Speed-Time Graphs \ 


A speed-time graph shows how the speed of a moving object varies with time 
The red line represents an object with increasing speed 
The green line represents an object with decreasing speed 


INCREASING | 
SPEED 


SPEED 


DECREASING 
SPEED 


TIME 


Increasing and decreasing speed represented on a speed-time graph 


Acceleration on a Speed-Time Graph 
Speed-time graphs also show the following information: 
If the object is moving with a constant acceleration or deceleration 
The magnitude of the acceleration or deceleration 


A straight line represents constant acceleration 

The slope of the line represents the magnitude of acceleration 
A steep slope means large acceleration (or deceleration) - i.e. the object's 
speed changes very quickly 
A gentle slope means small acceleration (or deceleration) - i.e. the object's 
speed changes very gradually 
A flat line means the acceleration is zero - i.e. the object is moving with a 
constant speed 
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CONSTANT 
SPEED 


YOUR NOTES 
l 


SPEED 


CONSTANT 
ACCELERATION 
CONSTANT ` 
DECELERATION 


SPEE DIISTZERO: 
OBJECT AT REST 


This image shows how to interpret the slope of a speed-time graph 
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The distance travelled by an object can be found by determining the area beneath 
the graph 


DISTANCE = AREA 


VELOCITY 


BASE x HEIGHT 


Ya BASE x HEIGHT 


#save my exams 


The distance travelled can be found from the area beneath the graph 
If the area beneath the graph forms a triangle (the object is accelerating or 
decelerating) then the area can be determined using the formula: 
1 , 
area = 7 x base x height 


If the area beneath the graph is a rectangle (constant velocity) then the area can be 
determined using the formula: 


area = base x height 
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© Worked Example l 


The speed-time graph below shows a car journey which lasts for 160 
seconds. 


SPEED (m/s) 


25 
20 
15 


10 


O 20 40 60 80 ‘100 120 140 ‘160 
TIME (s) 


Calculate the total distance travelled by the car on this journey. 


Step 1: Recall that the area under a velocity-time graph represents the distance 
travelled 


In order to calculate the total distance travelled, the total area underneath the 
line must be determined 


Step 2: Identify each enclosed area 


In this example, there are five enclosed areas under the line 
These can be labelled as areas 1, 2, 3, 4 and 5, as shown in the image below: 


SPEED (m/s) 


25 


20 


(0) 20 40 60 80 ‘100 120 140 160 
TIME (s) 


Step 3: Calculate the area of each enclosed shape under the line 
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Area 1 = area of a triangle = % x base x height = % x 40 x 17.5 = 350 m YOUR NOTES 
Area 2 = area of a rectangle = base x height = 30 x 17.5 = 525 m J 

Area 3 = area of a triangle = % x base x height = % x 20 x 7.5 = 75 m 

Area 4 = area of a rectangle = base x height = 20 x 17.5 = 350m 

Area 5 = area of a triangle = % x base x height = % x 70 x 25 = 875 m 


Step 4: Calculate the total distance travelled by finding the total area under the 


Add up each of the five areas enclosed: 
total distance = 350 + 525 + 75 + 350 + 875 


total distance = 2175 m 
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1.2.5 Calculating Acceleration from Speed-Time Graphs YOUR o 


EXTENDED 
If there is a change in an object's speed, then it is accelerating 


An object may accelerate at a steady rate, this is called constant acceleration 
On a speed-time graph this will be a non-horizontal straight line 


Image: CIE 1.2.5 Constant acceleration graph 


An object may accelerate at an increasing rate 
On a speed-time graph this would be an upward curve 


Image: CIE 1.2.5 Increasing acceleration graph 


An object may accelerate at a decreasing rate 
On a speed-time graph this would be an downward curve 


Image: CIE 1.2.5 Decreasing acceleration graph 


Page 37 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


37/569 


Fesave my exams 


Head to savemyexams.co.uk for more awesome resources 


The acceleration of an object can be calculated from the gradient of a speed-time 
graph 


: . ris 
acceleration = gradient = —— 
run 


SPEED 


RISE 


GRADIENT = RUN 


s run }—> 


TIME 


How to find the gradient of a speed-time graph 
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© Worked Example 


(J : ae 2 
Tora is training for a cycling tournament. 
The speed-time graph below shows her motion as she cycles along a flat, 
straight road. 
a 
ae 
£ 
QO 
w 
Ww 
a 
Y 
o 5 10 15 20 
TIME (s) 
(a) In which section (A, B, C, D, or E) of the speed-time graph is Tora’s 
acceleration the largest? 
(b) Calculate Tora’s acceleration between 5 and 10 seconds. 
Part (a) 


Step 1: Recall that the slope of a speed-time graph represents the magnitude of 


acceleration 


The slope of a speed-time graph indicates the magnitude of acceleration 
Therefore, the only sections of the graph where Tora is accelerating is section 
B and section D 


Sections A, C, and E are flat - in other words, Tora is moving at a constant 
speed (i.e. not accelerating) 


Step 2: Identify the section with the steepest slope 
Section D of the graph has the steepest slope 
Hence, the largest acceleration is shown in section D 
Part (b) 


Step 1: Recall that the gradient of a speed-time graph gives the acceleration 
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Calculating the gradient of a slope on a speed-time graph gives the 
acceleration for that time period 


Step 2: Draw a large gradient triangle at the appropriate section of the graph 


A gradient triangle is drawn for the time period between 5 and 10 seconds 
below: 


SPEED (m/s) 


TIME (s) 


Step 3: Calculate the size of the gradient and state this as the acceleration 
The acceleration is given by the gradient, which can be calculated using: 
acceleration = gradient = 5 + 5 = 1 m/s? 


Therefore, Tora accelerated at 1 m/s? between 5 and 10 seconds 


©) Exam Tip 


Use the entire slope, where possible, to calculate the gradient. Examiners 
tend to award credit if they see a large gradient triangle used - so 
remember to draw 'rise' and 'run' lines directly on the graph itself! 
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1.2.6 Freefall YOUR . 


In the absence of air resistance, all objects fall with the same acceleration 
This is called the acceleration of freefall (this is also sometimes called 
acceleration due to gravity) 


acceleration of freefall = g = 9.81 m/s? 


In the absence of air resistance, Galileo discovered that all objects (near Earth's 
surface) fall with an acceleration of about 9.8 m/s? 


This means that for every second an object falls, its velocity will increase by 9.8 
m/s 


The symbol g also stands for the gravitational field strength, and can be used to 
calculate the weight of an object using its mass: 


weight = mass x gravitational field strength 


W=mg 
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YOUR NOTES 
EXTENDED l 
Falling Objects without Air Resistance 


In the absence of air resistance, all objects falling in a uniform gravitational field, 
fall with the same acceleration, regardless of their mass 


So long as air resistance remains insignificant, the speed of a falling object will 
increase at a steady rate, getting larger the longer it falls for. 


GRADIENT 
= SPEED / TIME 
= ACCELERATION 


NEGLIGIBLE AIR RESISTANCE, 


SO THE ONLY FORCE ACTING 
IS WEIGHT 


TIME 


In the absence of air resistance objects fall with constant acceleration 


Falling Objects with Air Resistance 


Objects falling through fluids (fluids are liquids or gases) in a uniform gravitational 
field, experience two forces: 

Weight (due to gravity) 

Friction (such as air resistance) 


A skydiver jumping from a plane will experience: 
A downward acting force of weight (mass x acceleration of freefall) 
An upward acting force of air resistance (frictional forces always oppose the 
direction of motion) 


The force of air resistance increases with speed. This is illustrated in the image 
below: 
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SMALLER RESULTANT |} H RESULTANT FORCE YOUR NOTES 
FORCE IS ZERO l 

N\A J 
7 


LARGE RESULTANT 
FORCE 


a --C 


> 


Debbie initially accelerates downwards due to her weight. The upwards air resistance 
increases as She falls until it eventually grows big enough to balance the weight 
force 


Initially, the upwards air resistance is very small because the skydiver isn't falling 
very quickly 
Therefore, there are unbalanced forces on the skydiver initially 


As the skydiver speeds up, air resistance increases, eventually growing large 
enough to balance the downwards weight force 
Once air resistance equals weight, the forces are balanced 

This means there is no longer any resultant force 


Therefore, the skydiver's acceleration is zero - they now travel at a constant speed 
This speed is called their terminal velocity 


When the skydiver opens the parachute, the air resistance increases 

This is due to the increased surface area of the parachute opening 
The upward force of air resistance on the skydiver increases, slowing the 
acceleration of the skydivers fall 

The skydiver decelerates 
Eventually, the forces balance out again, and a new slower terminal velocity is 
reached 
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AFTER A WHILE THE YOUR NOTES 


AIR RESISTANCE l 
BALANCES THE WEIGHT. 


THE PERSON TRAVELS 


AT A CONSTANT 
(TERMINAL) VELOCITY. 


WHEN THE PARACHUTE 
IS OPENED THERE IS 
A LARGE UPWARD 
FORCE WHICH CAUSES 
THE PERSON TO 
DECELERATE. 


AS THE PERSON 
= SPEEDS: EUT; 


AIR RESISTANCE EVENTUALLY THE FORCES 
INCREASES. BALANCE ONCE MORE AND 
THE PERSON REACHES A 
NEW, MUCH SLOWER, 
TERMINAL VELOCITY. 


SPEED 


AT FIRST AIR 
RESISTANCE IS 


SMALL AND THE 
PERSON ACCELERATES. 


TIME 
#save my exams 


Graph showing how the velocity of a skydiver changes during the descent 


© Worked Example 


A small object falls out of an aircraft. Choose words from the list to 
complete the sentences below: 


Friction Gravitational field strength Air pressure 


Accelerates Falls at a steady speed Slows down 


(a) The weight of an object is the product of the object's mass and the 


(b) When an object falls, initially it 


(c) As the object falls faster, the force of 
object increases. 


acting upon the 


(d) Eventually the object. 
the force of weight acting on it. 


when the force of friction equals 


Part (a) 


Page 44 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_— 


44/569 


Fsave myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


The weight of an object is the product of the object's mass and the gravitational YOUR NOTES 
field strength. J 


The weight force is due to the Earth's gravitational pull on the object's mass as 
it falls through a uniform gravitational field 


Part (b) 
When an object falls, initially it accelerates. 


The resultant force on the object is very large initially, so it accelerates 
This is because there is a large unbalanced force downwards (its weight) - the 
upward force of air resistance is very small to begin with 


Part (c) 
As the object falls faster, the force of friction acting upon the object increases. 


The force of air resistance is due to friction between the object's motion and 
collisions with air particles 

Collisions with air particles slow the object down, so air itself produces a 
frictional force, called air resistance (sometimes called drag) 


Part (d) 


Eventually the object falls at a steady speed when the force of friction equals the 
force of weight acting on it. 


When the upwards air resistance increases enough to balance the downwards 
weight force, the resultant force on the object is zero 

This means the object isn't accelerating - rather, itis moving ata 

steady (terminal) speed 


©) Exam Tip 


= The force of gravity on an object with mass is called weight. If asked to 


name this force make sure you use this word: Don’t refer to it as “gravity” as 
this term could also mean gravitational field strength and so would probably 
be marked wrong. 


Likewise, remember to identify air resistance as the upwards force ona 
falling object. This force gets larger as the object speeds up, but the weight 
of the object stays constant. Don't confuse ‘air resistance’ with ‘air pressure’ 
- these are two different concepts! 


Exam questions about terminal velocity tend to involve the motion of 
skydivers as they fall 


A common misconception is that skydivers move upwards when their 
parachutes are deployed - however, this is not the case, they are in fact 
decelerating to a lower terminal velocity 
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1.3 Mass, Weight & Density YOUR . 


1.3.1 Mass & Weight 


Mass is a measure of the quantity of matter in an object at rest relative to the 
observer 

Mass is a scalar quantity 

The SI unit for mass is the kilogram (kg) 


Consequently, mass is the property of an object that resists change in motion 
The greater the mass of an object, the more difficult it is to speed it up, slow it 
down, or change its direction 
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Weight is a gravitational force on an object with mass 
Weight is a force, so it is a vector quantity 
The SI units for force are newtons (N) 


EXTENDED 


Weight is the effect of a gravitational field on a mass 


The weight of a body is equal to the product of its mass (m) and the acceleration of 


free fall (g) 


e MASS (kg) 


W=mg 


WEIGHT (N) e 


You can rearrange this equation with the help of the formula triangle: 


ACCELERATION DUE TO 
o GRAVITY ON EARTH 
(9.84 N/kg OR ms-~2?) 


@Psavemyexams 


Use the formula triangle to help you rearrange the equation 
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Gravitational field strength is defined as: 
The force per unit mass acting on an object in a gravitational field 
On Earth, this is equal to 9.81 N/kg 


Gravitational field strength is also known as acceleration of free fall, or 
acceleration due to gravity 
In this context the units are m/s2 


The value of g (gravitational field strength) varies from planet to planet depending 
on their mass and radius 
A few examples of varying gravitational field strength are shown below: 


VA 


SUN JUPITER SATURN URANUS EARTH MARS MOON 
g = 293.0 N/kg g= 24.7 N/kg g = 10.5 N/kg g = 9.0 N/kg 9=9.8N/kg| |g=3.7N/kg| |9=1.7N/kg 


Gravitational field strength of the planets in our solar system 


Mass v Weight 
An object’s mass always remains the same, however, its weight will differ 
depending on the strength of the gravitational field on different planets 
For example, the gravitational field strength on the Moon is 1.63 N/kg, meaning 
an object’s weight will be about 6 times less than on Earth 
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MASS = 70 kg MASS = 70 kg 
g = 9.84 N/kg g = 1.63 N/kg 
WEIGHT = 70 kg x 9.84 N/kg WEIGHT = 70 kg x 1.63 N/kg 


WEIGHT = 687 N WEIGHT = 1414 N 


EARTH 


On the moon, your mass will stay the same but your weight will be much lower 
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YOUR NOTES 
The weight of two objects can be compared using a balance l 
Because the gravitational field strength is constant everywhere on Earth, this 
also allows us to measure the mass of an object 


VAN 


ANAVAS 
ANNINA 


A balance can be used to compare two different weights 
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Density is defined as: 
The mass per unit volume of a material 


Objects made from low density materials typically have a low mass 

Similarly sized objects made from high density materials have a high mass 
For example, a bag full of feathers is far lighter compared to a similar bag full 
of metal 
Or another example, a balloon is less dense than a small bar of lead despite 


occupying a larger volume 


Density is related to mass and volume by the following equation: 


DENSITY (kgm-3) « e VOLUME (m?) 


Gases, for examples, are less dense than solids because the molecules are more 
spread out (same mass, over a larger volume) 


LESS DENSE MORE DENSE 


Gases are less dense than solids 


This equation can be rearranged with the help of the formula triangle: 


Page 51 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


51/569 


Hsave my exams 


Head to savemyexams.co.uk for more awesome resources 


Density, mass, volume formula triangle 


The units of density depend on what units are used for mass and volume: 
If the mass is measured in g and volume in cm3, then the density will be in 
g/cm? 
If the mass is measured in kg and volume in m3, then the density will be in 
kg/m? 


This table gives some examples of densities on common materials 
If a material is more dense than water (1000 kg/m3), then it will sink 


Approximate Densities of Materials Table 
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Material Approximate Density (kg/m?) 


The volume of an object may not always be given directly, but can be calculated 
with the appropriate equation depending on the object’s shape 


SPHERE: AIr (4 


CUBE: d° 


CYLINDER: JIr?«L 


Volumes of common 3D shapes 
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© Worked Example 
A paving slab has a mass of 73 kg and dimensions 0.04 m x 0.5 m x 0.85 


— om AA 


0.85 m 


Calculate the density, in kg/m3, of the material from which the paving slab 
is made. 


Step 1: List the known quantities 


Mass of slab, m= 73 kg 
Volume of slab, V= 0.04 m x 0.5 m x 0.85 m = 0.017 m? 


Step 2: Write out the equation for density 


m 
pay 
Step 3: Substitute in values 
p = 73 + 0.017 = 4294 kg/m? 
Step 4: Round the answer to two significant figures 
p = 4300 kg/m? 


©) Exam Tip 


Make sure you are comfortable converting between units such as metres (m) 
and centimetres (cm) or grams (g) and kilograms (kg). 


When converting a larger unit to a smaller one, you multiply (x) 
E.g. 125 m = 125 x 100 = 12 500 cm 


When you convert a smaller unit to a larger one, you divide (+) 
E.g. 5 g = 5 + 1000 = 0.005 or 5 x 10-2 kg 
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1.3.3 Measuring Density YOUR n 


Equipment List 


Apparatus Purpose 


Regular and irregular | Objects to use to determine the density of 
shaped objects 


A suitable liquid (e.g. | Liquid to use to determine the density 
sugar or salt solution) 


A 30 cm ruler To measure objects up to 30 cm in length 


To measure objects up to around 15 cm in Length 
To measure objects up to around 3 cm in Length 
Digital balance To measure the mass of the objects 


Displacement "Eureka"| To measure the displacement of water of irregular objects 
can 


To measure the volume of liquid 


Resolution of measuring equipment: 
30 cm ruler = 1 mm 
Vernier calipers = 0.01 mm 
Micrometer = 0.001 mm 
Digital balance = 0.01 g 


Experiment 1: Measuring the Density of Regularly Shaped Objects 


The aim of this experiment is to determine the densities of regular objects by 
using measurements of their dimensions 


Variables: 
Independent variable = Type of shape / volume 
Dependent variable = Mass of the object 


Method 
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1. Place the object on a digital balance and note down its mass 

2. Use either the ruler, Vernier calipers or micrometer to measure the object’s 
dimensions (width, height, length, radius) - the apparatus will depend on the size 
of the object 


3. Repeat these measurements and take an average of these readings before 
calculating the density 


An example of a results table might look like this: 


CUBOID SPHERE CYLINDER 


RADIUS = 


MASS READINGS REPEAT 
/g READINGS 
CONVERT | AVERAGE MASS 
FROM g ie 
TO kg -| 
BY 1000) |/*9 
r| | | vous | | [rerear 
READINGS 

DIMENSION 

READING / cm WIDTH RADIUS 
CONVERT LENGTH 
ERON e enol | | 
TO m =| 
BY 100) | DIMENSIONS / m 
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Analysis of Results 


Calculate the volume of the object depending on whether it is a cube, sphere, 
cylinder (or other regular shape) 


SPHERE: AIr e 
i G a 
CUBE: d° 


CYLINDER: JIr?«L 


Calculating the volume of an object depends on its shape 
Remember to convert from centimetres (cm) to metres (m) by dividing by 100 
1 cm = 0.01 m 
50 cm = 0.5 m 


Using the mass and volume, the density of each can be calculated using the 
equation: 


m 
T 
Where: 
p = density in kilogram per metres cubed (kg/m?) 
m = mass in kilograms (kg) 
V = volume in metres cubed (m3) 


Experiment 2: Measuring the Density of Irregularly Shaped Objects 


The aim of this experiment is to determine the densities of irregular objects using 


a displacement technique 


Variables: 
Independent variable = Different irregular shapes / mass 
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Dependent variable = Volume of displaced water YOUR NOTES 


Method l 


EUREKA. 
CAN 


MEASURING 
CYLINDER 


Apparatus for measuring the density of irregular objects 


. Place the object on a digital balance and note down its mass 

. Fill the eureka can with water up to a point just below the spout 

. Place an empty measuring cylinder below its spout 

. Carefully lower the object into the eureka can 

. Measure the volume of the displaced water in the measuring cylinder 

. Repeat these measurements and take an average before calculating the density 


Aun KRWN 


Alternatively, the object can be placed in a measuring cylinder containing a known 
volume of liquid, and the change in volume then measured 
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WORKED EXAMPLE: WHAT IS THE DENSITY OF THE OBJECT? 


IS THE MATERIAL MADE FROM IRON, 
40 
35 
30 
DENSITY = aes 


WOOD OR POLYSTYRENE? 
VOLUME 
e.g. VOLUME OF 
OBJECT = 34-24 = 7cm? Sob 


= 7.9 g/cm? 


40 


35 


WE SAW EARLIER THAT 
THIS IS THE DENSITY 
OF IRON, SO THE OBJECT 
IS MADE FROM IRON. 


When an irregular solid is placed in a measuring cylinder, the level of the liquid will 
rise by an amount equal to the volume of the solid 


Once the mass and volume of the shape is known, its density can be calculated 


An example of a results table might look like this: 
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VOLUME OF AVERAGE YOUR NOTES 


OBJECT OBJECT / g MASS DISPLACED / m? OF WATER 
DISPLACED / m? 


Analysis of Results 


The volume of the water displaced is equal to the volume of the object 
Once the mass and volume of the shape are known, the density can be calculated 
using: 


mMm 
yy 


Experiment 3: Measuring Density of Liquids 


The aim of this experiment is to determine the density of a liquid by finding a 
difference in its mass 


Variables: 
Independent variable = Volume of water added 
Dependent variable = Mass of cylinder 


Method 
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Apparatus for determining the density of a liquid 


1. Place an empty measuring cylinder on a digital balance and note down the mass 
2. Fill the cylinder with the liquid and note down the volume 

3. Note down the new reading on the digital balance 

4. Repeat these measurements and take an average before calculating the density 


An example of a results table might look like this: 


MASS OF MASS OF 
CYLINDER BEFORE |AVERAGE | VOLUME  |CYLINDER 
OF WATER |WITH WATER /g 


AVERAGE MASS 
OF CYLINDER 


ADDED / m? WITH WATER / kg 
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Analysis of Results 


Find the mass of the liquid by subtracting the final reading from the original 
reading 


Mass of liquid = Mass of cylinder with water - mass of cylinder 
Remember to convert between grams (g) and kilograms (kg) by dividing by 1000 
1g = 0.001 kg 
78 g = 0.078 kg 


Once the mass and volume of the liquid are known, the density can be calculated 
using the equation: 


mMm 
Py 


Evaluating the Experiments 


Systematic Errors: 


Ensure the digital balance is set to zero before taking measurements of mass 
This includes when measuring the density of the liquid - remove the 
measuring cylinder and zero the balance before adding the liquid 


Random Errors: 


A main cause of error in this experiment is in the measurements of length 
Ensure to take repeat readings and calculate an average to keep this error toa 
minimum 


Place the irregular object in the displacement can carefully, as dropping it froma 
height might cause water to splash which will lead to an incorrect volume reading 


Safety Considerations 
There is a lot of glassware in this experiment, ensure this is handled carefully 
Water should not be poured into the measuring cylinder when it is on the electric 
balance 
This could lead to electric shock 


Make sure to stand up during the whole experiment, to react quickly to any spills 
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©) Exam Tip YOUR ae 


There is a lot of information to take in here! When writing about 
experiments, a good sequence is as follows: 


If you need to use an equation to calculate something, start off by giving 
it as this will give you some hints about what you need to mention later 


List the apparatus that you need 
State what measurements you need to make (your equation will give you 


some hints) and how you will measure them 
Finally, state that you will repeat each measurement several times and 


take averages 
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1.3.4 Floating 


Upthrust 


Upthrust is a force that pushes upwards on an object submerged in a fluid i.e. 
liquids and gases 
It is always in the opposite direction to the object's weight 

This is why boats, and objects that are less dense than water, float 


The size of the upthrust depends on the density of the fluid as well as the volume 
of fluid that is displaced (which is equal to the volume of the object) 
The denser the liquid, the greater the upthrust it will exert on an object 


FREE-BODY DIAGRAM 


UPTHRUST, U 
UPTHRUST, U 


WEIGHT, W 


Upthrust is in the opposite direction to the weight of the boat and the fisherman 


Factors Affecting Floating & Sinking 


Whether an object sinks or floats depends on the upthrust: 
If the upthrust on an object is equal to (or greater than) the object’s weight, 
then the object will float 
If the upthrust is smaller than the weight then the object will sink 


The outcome also depends on the object's density: 
If it has a density less than the density of the fluid it is immersed in, the object 
will float 
If it has a density more than the density of the fluid it is immersed in, the 
object will sink 


This is because if the density of the object is greater than the density of the fluid, 
the object can never displace enough fluid to create an upthrust that will hold its 
weight up (and therefore sinks) 
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POLYSTYRENE BLOCK 
p= 0.05 g/cm? 


WOODEN BLOCK 
P=0.9 g/cm? 


Objects which are less dense than water will float and which are more dense will sink 


A polystyrene block will float in water 
This is because polystyrene has a density of 0.05 g/cm? which is much less 
than the density of water (1.0 g/cm?) 


A wooden block will be partially submerged but will still float 
This is because the density of a wooden block (0.9 g/cm?) is slightly less than 
the density of water 


An iron block will sink 
This is because iron has a density (7.9 g/cm?) that is much higher than water 


©) Exam Tip 


a The main thing to remember is that density is mass per unit volume 
In Physics, mass is almost always measured in kg 
Density is the only topic in which physicists sometimes use grams 
instead 
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EXTENDED 


A liquid with a lower density will float on a liquid with a higher density if the 
liquids do not mix 


eETHYL ALCOHOL 
SOLIVE OIL 


° LIQUID SOAP 


Lower density liquids float on higher density liquids as long as the liquids do not mix 


9 Worked Example 
© 


Liquid A has a density of 0.76 g/cm? and liquid B has a density of 0.93 
g/cm?. 


If the two liquids do not mix, which liquid will float on top of the other? 


Step 1: List the known quantities 


Liquid A = 0.76 g/cm? 
Liquid B = 0.93 g/cm? 


Step 2: Determine which liquid has the lowest density 


The liquid with the lowest density will float on top of the liquid with the higher 
density 


0.76 is less than 0.93 
Therefore, liquid A has the lowest density 


Step 3: State your answer 


Liquid A will float on top of liquid B 
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1.4 Effects of Forces YOUR n 


1.4.1 Resultant Forces 


A force is defined as: 


A push or a pull that acts on an object due to the interaction with another 
object 


Forces can affect bodies in a variety of ways: 
Changes in speed: forces can cause bodies to speed up or slow down 
Changes in direction: forces can cause bodies to change their direction of 
travel 
Changes in shape: forces can cause bodies to stretch, compress, or deform 


=a Fed 
Gam O 


THE GRAVITATIONAL 
ATTRACTION OF THE 


THE THRUST OF AN SQUASHING (OR 


STRETCHING) A SPRING 
CAN CHANGE ITS SHAPE 


ENGINE CAN CHANGE 
A CAR’S SPEED SUN CAN CHANGE THE 


DIRECTION OF A COMET 


(Ø save my exams 


The effects of different forces on objects 
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A resultant force is a single force that describes all of the forces operating ona 
body 
When many forces are applied to an object they can be combined (added) to 
produce one final force which describes the combined action of all of the forces 
This single resultant force determines: 
The direction in which the object will move as a result of all of the forces 
The magnitude of the final force experienced by the object 


The resultant force is sometimes called the net force 


Forces can combine to produce 
Balanced forces 
Unbalanced forces 


Balanced forces mean that the forces have combined in such a way that they 
cancel each other out and no resultant force acts on the body 
For example, the weight of a book on a desk is balanced by the normal force 
of the desk 
As a result, no resultant force is experienced by the book, the book and the 
table are equal and balanced 


NORMAL 
FORCE 


WEIGHT 


OF THE 
BOOK 


A book resting on a table is an example of balanced forces 


Unbalanced forces mean that the forces have combined in such a way that they do 


not cancel out completely and there is a resultant force on the object 
For example, imagine two people playing a game of tug-of-war, working 
against each other on opposite sides of the rope 
If person A pulls with 80 N to the left and person B pulls with 100 N to the 
right, these forces do not cancel each other out completely 


Page 68 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


68/569 


Combined By NESRINE 


YOUR NOTES 
l 


Hsave my exams 


Head to savemyexams.co.uk for more awesome resources 


Since person B pulled with more force than person A the forces will be 
unbalanced and the rope will experience a resultant force of 20 N to the right 


PERSON A PERSON B 


A tug-of-war is an example of when forces can become unbalanced 


Resultant forces can be calculated by adding or subtracting all of the forces acting 
on the object 

Forces working in opposite directions are subtracted from each other 

Forces working in the same direction are added together 


If the forces acting in opposite directions are equal in size, then there will be no 
resultant force - the forces are said to be balanced 


5N 5N 3N mu 
7N 


RESULTANT FORCE = ON RESULTANT FORCE = RESULTANT FORCE = 
(THE FORCES ARE 3+7=10N 7-3=A4N 


BALANCED) (TO THE RIGHT) (OM REE rap 


Diagram showing the resultant forces on three different objects 


Imagine the forces on the boxes as two people pushing on either side 
In the first scenario, the two people are evenly matched - the box doesn't 
move 
In the second scenario, the two people are pushing on the same side of the 
box, it moves to the right with their combined strength 
In the third scenario, the two people are pushing against each other and are 
not evenly matched, so there is a resultant force to the left 
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YOUR NOTES 
© Worked Example l 
Calculate the magnitude and direction of the resultant force in the diagram 


below. 


14N ra AN 


8N 


Step 1: Add up all of the forces directed to the right 
4N+8N=12N 

Step 2: Subtract the forces on the right from the forces on the left 
14N-12N=2N 

Step 3: Evaluate the direction of the resultant force 


The force to the left is greater than the force to the right therefore the 
resultant force is directed to the left 


Step 4: State the magnitude and direction of the resultant force 


The resultant force is 2 N to the left 


©) Exam Tip 
” Remember to always provide units for your answer and to state whether the 
force is to the left, to the right, or maybe up or down 


Always provide your final answer as a description of the magnitude and the 
direction, for example: 


Resultant Force = 4 N to the right 
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1.4.2 Newton's First Law YOUR NOTES 


l 


Newton's first law of motion states: 


Objects will remain at rest, or move with a constant velocity unless acted on 
by a resultant force 


This means if the resultant force acting on an object is zero: 
The object will remain stationary if it was stationary before 
The object will continue to move at the same velocity if it was moving 


When the resultant force is not zero 
The speed of the object can change 
The direction of the object can change 


Applying Newton's First Law 


Newton's first law is used to explain why things move with a constant (or uniform) 
velocity 


If the forces acting on an object are balanced, then the resultant force is zero 
The velocity (i.e. speed and direction) can only change if a resultant force acts 
on the object 


A few examples with uniform velocity are shown below: 


CONTACT FORCE 


A TABLET STAYS AT REST 
ON A DESK BECAUSE THE 
TWO FORCES ACTING ON 


IT ARE BALANCED 


A COMET MOVES THROUGH 
INTERSTELLAR SPACE IN A 
STRAIGHT LINE AT CONSTANT 


SPEED BECAUSE THERE ARE 
NO RESULTANT FORCES 
ACTING ON IT 
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Constant velocity can only be achieved when the forces on an object are balanced - in 
other words, when the resultant force is zero 


YOUR NOTES 
l 


© Worked Example 


Lima did some online research and found out that the Moon orbits the Earth 
at a constant speed of around 2000 mph.She says that this is not an 


example of Newton's first law of motion.Is Lima correct? Explain your 
answer. 


Step 1: Recall Newton's first law of motion 


Newton's first law of motion states that objects will remain at rest, or move 
with a constant velocity, unless acted on by a resultant force 


Step 2: Determine if the object in the question is at rest, or if it is moving witha 
constant velocity 


The Moon, in this case, is not at rest 
It is moving at a constant speed 
But it is not moving in a constant direction - it continually orbits the Earth 


Hence, it is not moving with a constant velocity, because velocity is a vector 
quantity 


Step 3: State and explain whether Lima is correct 


Lima is correct 


The Moon moves with a constant speed, but always changes direction 


So it is not moving with a constant velocity, and is not an example of 
Newton's first law of motion 


9 Worked Example 


If there are no external forces acting on the car and it is moving ata 
constant velocity, what is the value of the frictional force, F? 


Frictional force = ? Driving force = 3 kN 
SS" —> 


Step 1: Recall Newton's first law of motion 


Newton's first law of motion states that objects will remain at rest, or move 
with a constant velocity unless acted on by a resultant force 


Step 2: Relate Newton's first law to the scenario 


Since the car is moving at a constant velocity, there is no resultant force 
This means the driving and frictional forces are balanced 
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Step 3: State the value of the frictional force YOUR NOTES 


Frictional force, F = driving force = 3 KN l 


Page 73 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


— 


73/569 


(save my exams 


Head to savemyexams.co.uk for more awesome resources 


1.4.3 Newton's Second Law 


Newton's second law of motion states: 


The acceleration of an object is proportional to the resultant force acting on 
it and inversely proportional to the object's mass 


Newton's second law explains the following important principles: 
An object will accelerate (change its velocity) in response to a resultant force 
The bigger this resultant force, the larger the acceleration 
For a given force, the greater the object's mass, the smaller the acceleration 
experienced 


The image below shows some examples of Newton's second law in action: 


THE BASEBALL EXPERIENCES 
A LARGE RESULTANT FORCE, 


SO ACCELERATES QUICKLY TO 
A HOME RUN 


LAWN MOWERS NEED 
A PUSH TO ACCELERATE 
OVER LONG GRASS & WEEDS 


Objects like baseballs and lawnmowers accelerate when a resultant force is applied 
on them. The size of the acceleration is proportional to the size of the resultant force 
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YOUR NOTES 
EXTENDED J 


Newton's second law can be expressed as an equation: 
F=ma 


Where: 
F = resultant force on the object in Newtons (N) 
m = mass of the object in kilograms (kg) 
a = acceleration of the object in metres per second squared (m/s?) 


The force and the acceleration act in the same direction 


This equation can be rearranged with the help of a formula triangle: 


ACCELERATION 
(a) 


Force, mass, acceleration formula triangle 


© Worked Example 


s A car salesman says that his best car has a mass of 900 kg and can 
accelerate from 0 to 27 m/s in 3 seconds. 
Calculate: 
a) The acceleration of the car in the first 3 seconds. 
b) The force required to produce this acceleration. 
Part (a) 


Step 1: List the known quantities 
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Initial velocity = 0 m/s YOUR NOTES 
Final velocity = 27 m/s J 
Time, t=3s 


Step 2: Calculate the change in velocity 
change in velocity = Av = final velocity — initial velocity 
Av=27-0=27 m/s 
Step 3: State the equation for acceleration 


Av 
a= — 
t 


Step 4: Calculate the acceleration 
a=27+3=9m/s2 

Part (b) 

Step 1: List the known quantities 


Mass of the car, m = 900 kg 
Acceleration, a = 9 m/s? 


Step 2: Identify which law of motion to apply 


The question involves quantities of force, mass and acceleration, so Newton's 
second law is required: 


F= ma 
Step 3: Calculate the force required to accelerate the car 


F = 900 x 9 = 8100 N 
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© Worked Example YOUR NOTES 


J 
Three shopping trolleys, A, B and C, are being pushed using the same 
force. This force causes each trolley to accelerate. 


Which trolley will have the smallest acceleration? Explain your answer. 


Step 1: Identify which law of motion to apply 


The question involves quantities of force and acceleration, and the image 
shows trolleys of different masses, so Newton's second law is required: 


F= ma 


Step 2: Re-arrange the equation to make acceleration the subject 


Step 3: Explain the inverse proportionality between acceleration and mass 


Acceleration is inversely proportional to mass 


This means for the same amount of force, a large mass will experience a 
small acceleration 


Therefore, trolley C will have the smallest acceleration because it has the 
largest mass 
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1.4.4 Investigating Force & Extension YOUR o 


When forces are applied to materials, the size and shape of the material can 
change 

The method below describes a typical procedure for carrying out an investigation 
into the properties of a material 


ORIGINAL 
© LENGTH 
= 10.0 cm 


EXTENSION (x) 
= FINAL LENGTH — ORIGINAL LENGTH 
= 44.4 — 10.0 

= 1.4 cm 


æ O00 


FINAL 
> LENGTH 
= 11.4 cm 


An experiment to measure the extension of a spring 


Set up the apparatus as shown in the diagram 

A single mass (0.1 kg, 100g) is attached to the spring, with a pointer attached to 
the bottom, and the position of the spring is measured against the ruler 

The mass (in kg) and position (in cm) are recorded in a table 

A further mass is added and the new position measured 

The above process continues until a total of 7 masses have been added 

The masses are then removed and the entire process repeated again, until it has 
been carried out a total of three times, and averages can then be taken 


Once measurements have been taken: 
The force on the spring can be found by multiplying the mass on the spring (in 
kg) by 9.81 N/kg (the gravitational field strength) 
The extension of the spring can be found by subtracting the original position 
of the spring from each of the subsequent positions 


Finally, a graph of extension (on the y-axis) against force (on the x-axis) should be 
plotted 
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© LINEAR REGION 


ELASTIC 
LIMIT 


FORCE 


EXTENSION 


(Ø save myexams 


A graph of force against extension for a metal spring 
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EXTENSION 


Hooke’s law states that: 
The extension of a spring is proportional to the applied force 


FORCE = SPRING CONSTANT x EXTENSION 


P’= kx 


Where: 
Fis the force applied 
k is the spring constant 
x is the extension of the spring 


The spring constant is the force per unit extension 
The units are N/m 
The spring constant is a measure of how stiff the spring is 


Many other materials (such as metal wires) also obey Hooke’s law 

Hooke’s law is associated with the initial linear (straight) part of a force-extension 
graph 

Objects that obey Hooke’s law will return to their original length after being 
stretched 

If an object continues to be stretched it can be taken past the limit of 
proportionality (sometimes called the elastic limit). At this point the object will no 
longer obey Hooke’s law and will not return to its original length 
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The spring on the right has been stretched beyond the limit of proportionality 


©) Exam Tip 
” A relationship is said to be proportional if the graph is a straight line going 
through the origin.If a graph is a straight line but does not go through the 


origin the relationship is said to be linear. 
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1.4.6 Circular Motion YOUR . 


EXTENDED 


Velocity is a vector quantity, and the velocity of an object is its speed in a given 
direction 
When an object travels along a circular path, its velocity is always changing 
The speed of the object moving in a circle might be constant - that is, it is 
travelling the same distance every second 
However, the direction of travel is always changing as the object moves along 
the circular path 


This means that an object moving in circular motion travels at a constant speed 
but has a changing velocity 

The image below shows an example of a famous object that moves in a circular 
path with a constant speed but changing direction: 


THE INTERNATIONAL SPACE 
STATION ORBITS EARTH 
WITH A CONSTANT SPEED 
BUT ALWAYS CHANGE ITS 
DIRECTION. SO, ITS 
VELOCITY IS ALWAYS 
CHANGING 


THIS IMAGE IS 
DEFINITELY NOT 
TO SCALE 


The International Space Station’s velocity is always changing - it whizzes around the 
Earth at a constant speed of about 7660 m/s but is always changing direction 


When a force acts at 90 degrees to an object’s direction of travel, the force will 


cause that object to change direction 
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When the two cars collide, the first car changes its direction in the direction of the 
force 


If the force continues to act at 90 degrees to the motion, the object will keep 
changing its direction (whilst remaining at a constant speed) and travel ina circle 
This is what happens when a planet orbits a star (or satellite orbits a planet) 


GRAVITATIONAL e MOON 
AT TRACTION 


The Moon is pulled towards the Earth (at 90 degrees to its direction of travel). This 
causes it to travel ina circular path 


The force needed to make something follow a circular path depends on a number 
of factors: 
The mass of the object 
A greater mass requires a greater force when the speed and radius are 
constant 
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The speed of the object YOUR NOTES 
A faster-moving object requires a greater force when the mass and radius J 
are constant 
The radius of the circle 
A smaller radius requires a greater force to keep the speed and radius 
constant 
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Friction is a force that works in opposition to the motion of an object 
This slows down the motion of the object 


When friction is present, energy is transferred in the form of heat 
This raises the temperature (thermal energy) of the object and its 
surroundings 
The work done against the frictional forces causes this rise in the temperature 


Friction in solids is caused by imperfections in the surfaces of the objects moving 
over one another 
Not only does this slow the object down but also causes an increase in 
thermal energy 


FRICTION HAPPENS BECAUSE OF THE WAY 
IMPERFECTIONS ON THE TWO SURFACES 
AT THE MOLECULAR LEVEL PUSH AGAINST 
EACH OTHER 


The interface between the ground and the sledge is bumpy which is the source of the 
frictional force 
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YOUR NOTES 
Friction in Fluids l 


Gases and liquids are known as fluids 

Fluids are different to solids because the particles in fluids can move around 
Friction acts on objects moving through gases and liquids as the particles collide 
with the object 

This type of friction is called drag 


Air resistance is a type of friction that slows the motion of an object 

Particles bump into the object as it moves through the air 
As a result, the object heats up due to the work done against the frictional 
forces 


ROCKET’S 
RETURN o 
MODULE 


AIR RESISTANCE 


The return module of a rocket heats up due to the work done by air resistance as it 
travels a distance through the atmosphere 
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1.5.1 Moments 


As well as causing objects to speed up, slow down, change direction and deform, 


forces can also cause objects to rotate 
An example of a rotation caused by a force is on one side of a pivot (a fixed point 


that the object can rotate around) 
This rotation can be clockwise or anticlockwise 


PIVOTS 


save my exams 
The force will cause the object to rotate clockwise about the pivot 


A moment is defined as: 
The turning effect of a force about a pivot 
The size of a moment is defined by the equation: 


M=Fxd 


Where: 
M = moment in newton metres (Nm) 
F = force in newtons (N) 
d = perpendicular distance of the force to the pivot in metres (m) 
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The moment depends on the force and perpendicular distance to the pivot 


This is why, for example, the door handle is placed on the opposite side to the 
hinge 
This means for a given force, the perpendicular distance from the pivot (the 
hinge) is larger 
This creates a larger moment (turning effect) to make it easier to open the 
door 


Opening a door with a handle close to the pivot would be much harder, and would 
require a lot more force 


Some other examples involving moments include: 
Using a crowbar to prize open something 
Turning a tap on or off 
A wheelbarrow 
Scissors 
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YOUR NOTES 


The principle of moments states that: l 


If an object is balanced, the total clockwise moment about a pivot equals the 
total anticlockwise moment about that pivot 


Remember that the moment = force x distance from a pivot 

The forces should be perpendicular to the distance from the pivot 
For example, on a horizontal beam, the forces which will cause a moment are 
those directed upwards or downwards 


© Worked Example 


A parent and child are at opposite ends of a playground see-saw. The 
parent weighs 690 N and the child weighs 140 N. The adult sits 0.3 m from 
the pivot. 


re © PIVOT 


Calculate the distance the child must sit from the pivot for the see-saw to 
be balanced. 


Step 1: List the know quantities 


Clockwise force (child), Foniig = 140 N 
Anticlockwise force (adult), Faguir = 690 N 
Distance of adult from the pivot, dagy = 0.3 m 


Step 2: Write down the relevant equation 
Moments are calculated using: 
Moment = force x distance from pivot 
For the see-saw to balance, the principle of moments states that 


Total clockwise moments = Total anticlockwise moments 
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Step 3: Calculate the total clockwise moments YOUR NOTES 
The clockwise moment is from the child l 
Momentehila = Fenild X Achild = 140 X denia 
Step 4: Calculate the total anticlockwise moments 
The anticlockwise moment is from the adult 
Momentadult = Fadult X dadu = 690 x 0.3 = 207 Nm 
Step 5: Substitute into the principle of moments equation 
140 x dehila = 207 
Step 6: Rearrange for the distance of the child from the pivot 


dchila = 207 + 140 = 1.48 m 
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YOUR NOTES 


©) Exam Tip I 


Make sure that all the distances are in the same units and you’re considering 
the correct forces as clockwise or anticlockwise, as seen in the diagram 
below 


CLOCKWISE ANTI-CLOCKWISE 


ANTI-CLOCKWISE CLOCKWISE 


/ 


Clockwise is defined as the direction the hands of a clock move (and 
anticlockwise as the opposite) 


CLOCKWISE ANTICLOCKWISE 


(save my exams 


Page 91 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_— 


91/569 


save myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 
EXTENDED J 


F 


sT 


PIVOT ° 
F, xd, = F x d, + R*d; 


(Ø save myexams 


Diagram showing the moments acting on a balanced beam 


In the above diagram: 
Force F> is supplying a clockwise moment; 
Forces F; and F; are supplying anticlockwise moments 


Hence: 


Fə x d> = (Fi x dy) + (F3 x d3) 
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The term equilibrium means that an object keeps doing what it’s doing, without 
any change 
Therefore: 

If the object is moving it will continue to move (in a straight line) 

If it is stationary it will remain stationary 

The object will also not start or stop turning 


The above conditions require two things: 
The forces on the object must be balanced 
There must be no resultant force 
The sum of clockwise moments on the object must equal the sum of 
anticlockwise moments 
there must be no resultant moment 


BALANCED FORCES BALANCED MOMENTS 


CONSTANT SPEED REMAINS BALANCED 


When the forces and moments on an object are balanced, the object will remain in 
equilibrium 


If the above two conditions are met, then the object will be in equilibrium 
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YOUR NOTES 


A simple experiment to demonstrate that there is no net moment on an object in l 
equilibrium involves taking an object, such as a beam, and replacing the supports 
with newton (force) meters: 


„ NEWTON 
METER 


Several forces act on a supported beam, including the mass of the beam and the 
mass of an object suspended from it 


The beam in the above diagram is in equilibrium 

The various forces acting on the beam can be found either by taking readings from 
the newton meters or by measuring the masses (and hence calculating the weights) 
of the beam and the mass suspended from the beam 

The distance of each force from the end of the ruler can then be measured, 
allowing the moment of each force about the end of the ruler to be calculated 

It can then be shown that the sum of clockwise moments (due to forces Fp and F3) 
equal the sum of anticlockwise moments (due to forces F, and F4) 


Page 94 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


94/569 


save myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


1.5.3 Centre of Gravity YOUR n 


The centre of gravity of an object is the point at which the weight of the object 
may be considered to act 

For example, for a person standing upright, their centre of gravity is roughly in the 
middle of the body behind the navel, and for a sphere, it is at the centre 

For symmetrical objects with uniform density, the centre of gravity is located at the 
point of symmetry 


CENTRE OF GRAVITY 


The centre of gravity of a shape can be found by symmetry 


Centre of gravity v centre of mass 
In a uniform gravitational field, the centre of gravity is identical to the centre of 
mass 
The centre of mass does not depend on the gravitational field 
Since weight = mass X acceleration due to gravity, the centre of gravity does 
depend on the gravitational field 
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When an object is in space, its centre of gravity will be more towards the object 
with larger gravitational field for example, the Earth’s gravitational field on the 
Moon 


_ CENTRE OF 
MASS 


CLOSE TO 
GEOMETRIC 
CENTRE 


CENTRE OF, 
GRAVITY 


SLIGHTLY DISPLACED FROM CENTRE 
TOWARDS EARTH BECAUSE OF THE 
STRONG GRAVITATIONAL FORCE DUE 
TO EARTH ON THIS SIDE 


The Earth’s stronger gravitational field pushes the Moons centre of gravity closer to 


Earth 
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1.5.4 Investigating Centre of Gravity YOUR o 


When an object is suspended from a point, the object will always settle so that 
its centre of gravity comes to rest below the pivoting point 
This can be used to find the centre of gravity of an irregular shape: 


THE INTERSECTION 
,OF THE TWO LINES 
IS THE CENTRE 

OF GRAVITY 


THE CENTRE OF 
MASS LIES : 
ALONG THE LINE 
OF THIS THREAD 


STEP 1 STERS 
HANG UP THE SUSPEND THE SHAPE SUSPEND THE SHAPE 
IRREGULARLY FROM A LOCATION FROM ANOTHER LOCATION 
SHAPED OBJECT NEAR AN EDGE. DROP NOT TOO CLOSE TO THE 
A PLUMB LINE AND FIRST. DROP A PLUMB 
MARK ON THE OBJECT | | LINE AGAIN AND MARK 
ITS POSITION 


Diagram showing an experiment to find the centre of gravity of an irregular shape 


The irregular shape (a plane laminar) is suspended from a pivot and allowed to 
settle 

A plumb line (lead weight) is then held next to the pivot and a pencil is used to 
draw a vertical line from the pivot (the centre of gravity must be somewhere on 
this line) 

The process is then repeated, suspending the shape from two different points 
The centre of gravity is located at the point where all three lines cross 
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1.6.1 Momentum 


EXTENDED 


An object with mass that is in motion has momentum which is defined by the 
equation: 


momentum = mass x velocity 
p=mv 


Where: 
p = momentum in kilogram metre per second (kg m/s) 
m= mass in kilograms (kg) 
v = velocity in metres per second (m/s) 


This means that an object at rest (i.e v= 0) has no momentum 
Momentum keeps an object moving in the same direction, making it difficult to 
change the direction of an object with a large momentum 


Since velocity is a vector this means that the momentum of an object also depends 
on its direction of travel 
This means that momentum can be either positive or negative 
If an object travelling to the right has positive momentum, an object travelling 
in the opposite direction (to the left) will have negative momentum 
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p= mv 


p=60 x10 x2 


p = 0.12 kgms™~’ 


THE BALL IS NOW TRAVELLING IN THE 
o OPPOSITE DIRECTION. THIS MEANS ITS 


VELOCITY MUST BE NEGATIVE 


p = 60 x 10° x -2 m = 60g 


, ITS MOMENTUM THEREFORE, 
IS ALSO NEGATIVE 


The tennis ball's momentum is negative when it moves in the opposite direction to 
which it initially was travelling in 


Therefore, the momentum of an object will change if: 
The object accelerates (speeds up) or decelerates (slows down) 
Changes direction 
Its mass changes 


© Worked Example 


Which object has the most momentum? 


MOMENTUM = MASS x VELOCITY MOMENTUM = MASS «x VELOCITY 


MOMENTUM = 0.06kg x 75m/s MOMENTUM = 3kg x 1.5m/s 
=45kgm/s = 45kgm/s 
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Both the tennis ball and the brick have the same momentum YOUR NOTES 
Even though the brick is much heavier than the ball, the ball is travelling much J 


faster than the brick 
This means that on impact, they would both exert a similar force (depending on 


the time it takes for each to come to rest) 


©) Exam Tip 


You can remember momentum as mass in motion. The units of momentum 
are kg m/s which is the product of the units of mass (kg) and velocity (m/s). 


Which direction is taken as positive is completely up to you in the exam. In 
general, the right and upwards are taken as positive, and down or to the left 


as negative. 
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YOUR NOTES 
EXTENDED J 


The principle of conservation of momentum states that: 


In a closed system, the total momentum before an event is equal to the total 
momentum after the event 


A closed system means the energy within the system is constant and there is an 
absence of external forces (e.g. friction) 
In other words: 


The total momentum before a collision = The total momentum after a collision 


A system is a certain number of objects under consideration 
This can be just one object or multiple objects 


Since momentum is a vector quantity, a system of objects moving in opposite 
directions (e.g. towards each other) at the same speed will have an overall 
momentum of 0 since they will cancel out 

Momentum is always conserved over time 


The diagram below shows two masses mwith velocity uand Mat rest (ie. zero 
velocity) 


[v] 
eO a0 


#save myexams 


The momentum of a system before and after a collision 


Before the collision: 
The momentum is only of mass mwhich is moving 
If the right is taken as the positive direction, the total momentum of the 
system is m x u 


After the collision: 
Mass M also now has momentum 


Page 101 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—————_—_— 


101/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


The velocity of mis now -v (since it is now travelling to the left) and the YOUR NOTES 
velocity of Mis V J 

The total momentum is now the momentum of M+ momentum of m 

This is (Mx V + (mx -v) or (Mx VY) - (mx v) 


© Worked Example 


The diagram shows a car and a van, just before and just after the car 
collided with the van, which is initially at rest. 


BEFORE COLLISION 
MASS = 990 kg MASS = 4200 kg 


V = 10 m/s 


— 


AFTER COLLISION 
V=? 


— > 


Use the idea of conservation of momentum to calculate the velocity of the 
van when it is pushed forward by the collision. 
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Step 1: State the principle of conversation of momentum YOUR NOTES 
l 


e In a closed system, the total momentum before an event is equal to the total 
momentum after the event 


Step 2: Calculate total momentum before the collision 
p =mv 
e Momentum of the car: 
p = 990 x 10 = 9900 kg m/s 
e Momentum of the van: 
The van is at rest, therefore v = 0 m/s and p = 0 kg m/s 
e Total momentum before: 


Pbefore = 9900 + 0 = 9900 kg m/s 


Step 3: Calculate the momentum after the collision 
e Momentum of the car: 
p = 990 x 2 = 1980 kg m/s 
e Momentum of the van: 
p = 4200 x v 
e Total momentum after 
Dotter = 1980 + 4200v kg m/s 
Step 4: Rearrange the conversation of momentum equation for the velocity of the van 
Pbefore = Patter 
9900 = 1980 + 4200v 
9900 - 1980 = 4200v 


_ 9900-1980 _ 4 ny 
y=- 4200 7S 
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Exam Tip YOUR ~ 


If itis not given in the question already, drawing a diagram of before and 
after helps keep track of all the masses and velocities (and directions) in the 
conversation of momentum questions. 
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1.6.2 Impulse YOUR . 


EXTENDED 


When a resultant (unbalanced) force acts on a mass, the momentum of that mass 
will change 

The impulse of a force is equal to that force multiplied by the time for which it 
acts: 


impulse = force x change in time 

impulse = FAt 

The change in momentum of a mass is equal to the impulse provided by the force: 
impulse = change in momentum 
impulse = FAt = Ap 
Change in momentum can also be described as: 
Ap = A(mv) 
Ap = mv — mu 


Where: 
m= mass in kg 
v = final velocity in m/s 
u = initial velocity in m/s 


Therefore: 
impulse = FAt = Ap = mv - mu 


An example in everyday life of impulse is when standing under an umbrella when 
it is raining, compared to hail (frozen water droplets) 
When rain hits an umbrella, the water droplets tend to splatter and fall off it 
and there is only a very small change in momentum 
However, hailstones have a larger mass and tend to bounce back off the 
umbrella, creating a greater change in momentum 
Therefore, the impulse on an umbrella is greater in hail than in rain 
This means that more force is required to hold an umbrella upright in hail 
compared to rain 
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Since hailstones bounce back off an umbrella, compared to water droplets from rain, 
there is a greater impulse on an umbrella in hail than in rain 


© Worked Example 
™ A 58 g tennis ball moving horizontally to the left at a speed of 30 ms“ is 


struck by a tennis racket which returns the ball back to the right at 20 m s~ 
1 


(i) Calculate the impulse delivered to the ball by the racket 
(ii) State which direction the impulse is in 


(i) Step 1: Write the known quantities 


Taking the initial direction of the ball as positive (the left) 
Initial velocity, u = 30 ms"! 

Final velocity, v= -20 m s™t 

Mass, m = 58 g = 58 x 102 kg 


Step 2: Write down the impulse equation 
Impulse /= Ap = mv- u) 
Step 3: Substitute in the values 


l= (58 x 10°) x (-20 - 30) = -2.9 N s 
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(ii) Direction of the impulse 


Since the impulse is negative, it must be in the opposite direction to which the 
tennis ball was initial travelling (since the left is taken as positive) 
Therefore, the direction of the impulse is to the right 


©) Exam Tip 


2 Remember that if an object changes direction, then this must be reflected by 
the change in sign of the velocity. As long as the magnitude is correct, the 
final sign for the impulse doesn't matter as long as it is consistent with 
which way you have considered positive (and negative). For example, if the 
left is taken as positive and therefore the right as negative, an impulse of 20 
N s to the right is equal to -20 N s 


EXTENDED 


Force can also be defined as the rate of change of momentum on a body 
The change in momentum is defined as the final momentum minus the initial 


momentum 
e CHANGE IN MOMENTUM (kgms~*) 


These can be expressed as follows: 
pa 


At 
FORCE (N) e 
TEE 


ap=p P 


FINAL BEFORE 
CHANGE IN MOMENTUM e 
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1.7 Energy, Work & Power YOUR . 


1.7.1 Energy Stores & Transfers 


Energy is a property that must be transferred to an object in order to perform work 
on or heat up that object 
It is measured in units of Joules (J) 


Energy will often be described as part of an energy system 
In physics, a system is defined as: 


An object or group of objects 


Therefore, when describing the changes within a system, only the objects or group 
of objects and the surroundings need to be considered 


Energy can be stored in different ways, and there are changes in the way it is 
stored when a system changes 
The principle of conservation of energy states that: 


Energy cannot be created or destroyed, it can only be transferred from one 
store to another 


This means that for a closed system, the total amount of energy is constant 
There are many different ways that energy can be stored, these are shown in the 
table below: 
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Energy Stores Table YOUR NOTES 
l 


Energy Store Description 


Energy an object has because it’s moving 


Gravitational Energy an object has due to its position above the 
ground. An object gains gravitational energy when 
lifted and loses it when it falls 


Energy stored in a stretched spring or elastic band 


Electrostatic Energy due to the force of attraction (or repulsion) 
between two charges 


Magnetic Energy due to the force of attraction (or repulsion) 
between two magnets 


Chemical Energy found in fuels, foods, or in batteries. This energy 
is transferred during chemical reactions 


Nuclear Energy contained within the nucleus of an atom 
Thermal Energy a substance has due to its temperature 


Page 109 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_— 


109/569 


Combined By NESRINE 


(save my exams 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 
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Energy can be transferred between stores through different energy transfer 
pathways 
Examples of these are: 

Mechanical 

Electrical 

Heating 

Radiation 


These are described in the table below: 


Energy Transfer Pathways Table 


Energy Transfer Description 


Mechanical | When a force acts on a body e.g. a collision 
Electrical Electricity can transfer energy from a power source, such 
as a cell, delivering it to components within a circuit 


Heating Thermal energy can be transferred by conduction, 
convection or radiation 

Radiation Light and sound carry energy and can transfer this 
between two points 


An example of a thermal energy transfer by heating, is a hot coffee heating up cold 
hands 
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, DIRECTION OF THERMAL 
ENERGY TRANSFER 


YOUR NOTES 
l 


THE HOT COFFEE TRANSFERS 
HEAT TO THE COOL MUG 
WHICH HEATS IT UP 


THE MUG BECOMES HOT AND HEAT 
IS TRANSFERRED TO THE COLD 
HANDS WHICH WARMS THEM UP 


Thermal energy is transferred by heating from the hot coffee to the mug and to the 
cold hands 


© Worked Example 


Describe the energy transfers in the following scenarios: 
a) A falling object 
b) A battery powering a torch 


c) Amass ona spring 


Part (a) 
For a falling object: 


Energy is transferred from the gravitational store to the kinetic store of the object via 
a mechanical transfer pathway 


Part (b) 
For a battery powering a torch: 


Energy is transferred from the chemical store of the battery to the thermal store of the 
surroundings via a radiation transfer pathway 


Page 111 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


———— 


111/569 


Fsave myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


Part (c) YOUR NOTES 


For a mass on a Spring: 4 


Energy is transferred from the elastic store to the kinetic store of the system via a 
mechanical transfer pathway 
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The kinetic energy, Ex, of an object (also known as its kinetic store) is defined as: 


The energy an object has as a result of its mass and speed 


This means that any object in motion has energy in its kinetic energy store 


{SPEEDY => 


Ex = 41/2 x mx v2 


Kinetic energy can be calculated using the equation: 
k=% xmx v7 


Where: 
Ex = kinetic energy in Joules (J) 
m= mass of the object in kilograms (kg) 
v = speed of the object in metres per second (m/s) 


© Worked Example 


Calculate the kinetic energy stored in a vehicle of mass 1200 kg moving at 
a speed of 27 m/s. 


Step 1: List the known quantities 


Mass of the vehicle, m= 1200 kg 
Speed of the vehicle, v = 27 m/s 


Step 2: Write down the equation for kinetic energy 
Ex =% mv? 
Step 3: Calculate the kinetic energy 
Ex = % x 1200 x (27)? = 437 400 J 
Step 4: Round the final answer to 2 significant figures 


Ex = 440 000 J 


Page 113 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


——————— 


113/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 


©) Exam Tip i 


When calculating kinetic energy, make sure you know that only the speed is 
squared - not the mass or the % 
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1.7.3 Gravitational Potential Energy YOUR o 


EXTENDED 


The gravitational potential energy, Fp, of an object (also known as its gravitational 
store) is defined as: 


The energy an object has due to its height in a gravitational field 


This means: 
If an object is lifted up, energy will be transferred to its gravitational store 
If an object falls, energy will be transferred away from its gravitational store 


The GPE of an object can be calculated using the equation: 
AEp = mgAh 


Where: 
AEp = change in gravitational potential energy, in Joules (J) 
m = mass, in kilograms (kg) 
g = gravitational field strength in Newtons per kilogram (N/kg) 
Ah = change in height in metres (m) 


AEp = mgAh 


Energy is transferred to the mass's gravitational store as it is lifted above the 
ground, therefore the AEp increases 
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© Worked Example YOUR i 
e 


A man of mass 70 kg climbs a flight of stairs that is 3 m higher than the 
floor. Gravitational field strength is approximately 9.81 N/kg. Calculate the 
energy transferred to his gravitational potential energy store. 


Step 1: List the known quantities 


Mass of the man, m= 70 kg 
Gravitational field strength, g = 9.81 N/kg 
Height, h=3m 


Step 2: Write down the equation for gravitational potential energy 
AEp = mgAh 
Step 3: Calculate the gravitational potential energy 


AE = 70 x 9.81 x 3 = 2060 J 
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1.7.4 Conservation of Energy YOUR i 


The law of conservation of energy states that: 


Energy cannot be created or destroyed, it can only be transferred from one 
energy Store to another 


This means the total amount of energy in a closed system remains constant 
Therefore, energy cannot be ‘lost’, but it can be transferred to the thermal energy 
store of the surroundings 


Energy can be dissipated to the surroundings by radiation (by heat, light or 
sound) 


This energy is often not useful energy, so it can be described as wasted energy 


Energy Flow Diagrams 


Energy stores and transfers can be represented using a flow diagram 
This shows both the stores and the transfers 


Energy flow diagram showing energy stores and transfers in a nuclear power 
plant. 


Note the colour difference of the labels (stores) and the arrows (transfer 


pathways) 


© Worked Example 


The diagram shows a rollercoaster going down a track. 


The rollercoaster takes the path A > B > C > D. 


Which statement is true about the energy changes that occur for the 
rollercoaster down this track? 


A. Ex - AEp - Ap - E 
B. k= A= k= Ae 
C. A- &- & -^b 


D. Ab-&-Ab- & 
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ANSWER: D YOUR NOTES 


At point A: l 
The rollercoaster is raised above the ground, therefore its gravitational 
potential energy store is full 
As it travels down the track, energy is transferred to its kinetic energy 
store mechanically 
At point B: 
Energy is transferred from the kinetic energy store to the gravitational 
potential energy store mechanically 
As the kinetic energy store empties, the gravitational potential energy 
store fills 


At point C: 
Energy is transferred from the gravitational potential energy store to the 
kinetic energy store 

At point D: 
The flat terrain means the rollercoaster only has energy in its kinetic 
energy store 
The kinetic energy store is full 


In reality, some energy will also be transferred to the thermal energy store of 
the tracks mechanically due to friction, and also to the thermal energy store of 
the surroundings by radiation due to sound. 

The total amount of energy in the system will be constant 

Total energy in = total energy out 


©) Exam Tip 


It is helpful to think of energy stores as beakers and the total energy in the 
system as water. The water can be poured from one beaker into another 
back and forth as energy is transferred between stores. 


You may not always be given the energy transfers happening in the system 
in exam questions. By familiarising yourself with the energy stores and 
transfer pathways, you will be able to relate these to the situation in the 
question. For example, a ball rolling down a hill is transferring energy from 
the ball's gravitational potential energy store to its kinetic energy store 
mechanically, whilst a spring transfers energy from its elastic potential 
energy store to its kinetic energy store mechanically. 
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YOUR NOTES 


EXTENDED l 


Diagrams are used to represent energy transfers 
These are sometimes called Sankey diagrams 


The arrow in a Sankey diagram represents the transfer of energy: 
The end of the arrow pointing to the right represents the energy that ends up 
in the desired store (the useful energy output) 
The end(s) that point(s) down represents the wasted energy 


USEFUL 
| ENERGY 
OUT 


TOTAL 
ENERGY IN 


e> <=> 
WASTED WASTED 
ENERGY 


Total energy in, wasted energy and useful energy out shown on a Sankey diagram 


The width of each arrow is proportional to the amount of energy going to each 


store 
As a result of the conversation of energy: 


Total energy in = Useful energy out + Wasted energy 


A Sankey diagram for a modern efficient light bulb will look very different from that 
for an old filament light bulb 
A more efficient light bulb has less wasted energy 

This is shown by the smaller arrow downwards representing the heat energy 


LIGHT 
ENERGY 
10 J 


HEAT 
ENERGY 
25 J 


SANKEY DIAGRAM FOR 
AN OLD FILAMENT 
LIGHT BULB 


SANKEY DIAGRAM FOR 


A MODERN ENERGY 
EFFICIENT LIGHT BULB 
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Sankey diagram for modern vs. old filament light bulb YOUR NOTES 
l 
9 Worked Example 


An electric motor is used to lift a weight. The diagram represents the 
energy transfers in the motor. 


ENERGY TRANSFERRED 


INPUT ENERGY ie A eee 
500 J 


WASTED ENERGY 


How much energy is wasted? 


Step 1: State the conservation of energy 


Energy cannot be created or destroyed, it can only be transferred from one 
store to another 
This means that: 


Total energy in = Useful energy out + Wasted energy 
Step 2: Rearrange the equation for the wasted energy 

Wasted energy = Total energy in - Useful energy out 
Step 3: Substitute the values from the diagram 


500 - 120 = 380 J 
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Work is done when an object is moved over a distance by a force applied in the 
direction of its displacement 
It is said that the force does work on the object 
If a force is applied to an object but doesn’t result in any movement, no work 
is done 


Rights Reserved 


Hsavemy 
Work is done when a force is used to move an object 
The formula for work done is: 
Work done = force x distance 
W = fd 


You can rearrange this equation with the help of the formula triangle: 
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YOUR NOTES 
l 


DISTANCE 
MOVED 
(d) 


Use the formula triangle to help you rearrange the equation 


Multiplying force and distance produces units of newton-metres (N m) 
Work is measured in Joules (J) 


This leads to a simple conversion: 
1J=1Nm 


Therefore, the number of Joules is equal to the number of newton-metres, making 
conversions between the units very straightforward, for example: 


1000 J = 1000 N m 


One Joule is equal to the work done by a force of one newton acting through one 
metre 


Whenever any work is done, energy is transferred mechanically from one store to 
another 

The amount of energy transferred (in joules) is equal to the work done (also in 
joules) 


energy transferred (J) = work done (J) 


If a force acts in the direction that an object is moving, then the object will gain 
energy (usually to its kinetic energy store) 
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If the force acts in the opposite direction to the movement then the object will 
lose energy (usually to the thermal energy store of the surroundings ie dissipated 
as heat) 


Therefore: 
W = fd = AE 


Examples of Work 


Work is done on a ball when it is lifted to a height above the ground 
The energy is transferred mechanically from the ball's kinetic energy store to 
its gravitational potential energy store 


BALL IN FREEFALL 


HEIGHT 


WEIGHT 


The weight on the ball produced by the gravitational field does work on the ball over 
a distance equal to the height of the ball 


Work is done when a bird flies through the air 
The bird must travel against air resistance, therefore energy transferred from 
the bird's chemical energy store to its kinetic energy store and to the thermal 
energy store of the surroundings as some energy is dissipated as heat 
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YOUR NOTES 
l 


E 


AIR RESISTANCE 


DISTANCE 


Air resistance (drag) does work against the bird as it flies through the air 


© Worked Example 


A car moving at speed begins to apply the brakes. The brakes of the car 
apply a force of 500 N which brings it to a stop after 23 m. 


23 METERS 


#save myexams 


Calculate the work done by the brakes in stopping the car. 


Step 1: List the known quantities 


Distance, d= 23 m 
Force, F= 500 N 


Step 2: Write out the equation relating work, force and distance 
W=Fxd 
Step 3: Calculate the work done on the car by the brakes 


W = 500 x 23 = 11500 J 
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YOUR NOTES 


©) Exam Tip I 


Remember to always convert the distance into metres and force into 
Newtons for the work to be in Joules in calculations. 
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Machines, such as car engines, transfer energy from one energy store to another 
every second 
The rate of this energy transfer, or the rate of work done, is called power 


Since power is defined as 
The rate of doing work 
It can be expressed in equation form as 


eet ue 
ee y 


Note that these two equations may be written slightly differently, but are 
representing the same thing - a transfer of energy store over time 


#Hsavemy exams 


Two identical cars accelerating to the same final speed will both gain the same 
amount of energy in their kinetic store. But if one of them reaches that speed sooner, 
it will have a greater power 


Common power ratings are shown in the table below: 
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Appliance 

A torch 

An electric Light bulb 

An electric cooker 

A railway engine 

A Saturn V space rocket 
A very Large power station 
World demand for power 


A star like the Sun 


(Ži savemy exams 


Head to savemyexams. co.uk for more awesome resources 


Power Ratings Table 


Power rating 


100 W 
10 000 W = 10kW (where 1kW = 1000 watts) 


mnno 


100 000 000 000 000 000 000 Mw 
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The efficiency of a system is a measure of how well energy is transferred ina 
system 
Efficiency is defined as: 


The ratio of the useful power or energy transfer output from a system to its 
total power or energy transfer input 


If a system has high efficiency, this means most of the energy transferred is useful 
If a system has low efficiency, this means most of the energy transferred is wasted 


The overall efficiency of a typical thermal power station is approximately 30% 
This means that 70% of the energy produced is wasted energy 
Energy is used to heat water to produce steam, that turns a turbine which 
generates electricity 
At each stage of this process, energy is dissipated to the surroundings 


GENERATOR 


-~ BOILER STEAM TURBINE YAOU NEGY 


STORES REQUIRED 
BY CUSTOMERS 


CHEMICAL OUTPUT ENERGY 
ENERGY 30% 
STORE 100% 


INPUT ENERGY 


ENERGY TRANSFERRED 
TO THERMAL STORE 
OF SURROUNDINGS 


ENERGY TRANSFERRED 
TO THERMAL STORE 
OF SURROUNDINGS 
ENERGY TRANSFERRED 

TO THERMAL STORE 

OF SURROUNDINGS 


Sankey diagram showing efficiency of a thermal power station 
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YOUR NOTES 
EXTENDED J 


Efficiency is represented as a percentage, and can be calculated using the 
equation: 


EFFICIENCY = USEFUL ENERGY OUTPUT 400% 
TOTAL ENERGY INPUT 


The energy can be of any form e.g. gravitational potential energy, kinetic energy 
The efficiency equation can also be written in terms of power: 


EFFICIENCY = ae Coe WER _OUTEVT 400% 
TOTAL POWER INPUT 


Where power is defined as the energy transferred per unit of time 


Energy transferred 
Power = "= 
Time 


z 
t 
© Worked Example 


An electric motor has an efficiency of 35 %. It lifts a 7.2 kg load through a 
height of 5 m in 3 s. Calculate the power of the motor. 


Step 1: Write down the efficiency equation 


ae Power output 
Efficiency = ——— x100 
Power input 
Step 2: Rearrange for the power input 
Power output x 100 


P i = 
OWE Mpu Efficiency 


Step 3: Calculate the power output 


The power output is equal to energy + time 
The electric motor transferred electric energy into gravitational potential 
energy to lift the load 


Gravitational potential energy = mgh = 7.2 x 9.81 x 5 = 353.16 J 


Power = 353.16 + 3 = 117.72 W 
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Step 4: Substitute values into power input equation YOUR NOTES 
. 117.72 x 100 4 
Power input = ———=——— = 336 W 
35 
©) Exam Tip 
w 


Efficiency can be given in a ratio (between 0 and 1) or percentage format 
(between O and 100 %) 


If the question asks for efficiency as a ratio, give your answer as a fraction or 
decimal. 


If the answer is required as a percentage, remember to multiply the ratio by 
100 to convert it: if the ratio = 0.25, percentage = 0.25 x 100 = 25% 


Remember that efficiency has no units 
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1.8 Energy Sources YOUR . 


1.8.1 Energy from the Sun 


Most of our energy resources on the Earth come from the Sun: 
The Sun heats up the atmosphere, creating wind and producing waves 
Water evaporated by the Sun falls as rain, filling up reservoirs 


Plants grown using sunlight form the basis for fuels - both biofuels and fossil 
fuels 


Some forms of energy, however, do not come from the Sun 


These include: 
Geothermal - this comes from heat produced in the Earth’s core 


Nuclear - this comes from elements which make up a small proportion of the 
Earth’s crust 


Tidal - this comes (mainly) from the gravitational attraction of the Moon 


Page 131 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


131/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 


The energy from the Sun that falls on the Earth is transferred by radiation l 
Mostly visible light and infrared radiation 
The amount of energy transferred from the Sun to the Earth each hour is equal to 
the energy use of the world for one year! 
Therefore, scientists are working hard to find methods of harnessing this energy 
Solar energy has a low energy density, which means large collecting devices 
are required 
Collecting solar energy is expensive (due to the equipment required) and 
inefficient 


Solar cells transfer energy from sunlight electrically producing a current, and 
therefore generating electrical power 
Solar cells, sometimes called photovoltaic cells, are made of semiconducting 
materials 
A number of cells connected together can supply electricity to homes, small- 
scale businesses, communication devices and satellites 
Energy generated can be stored in batteries for later use 


Solar cells use energy from sunlight to produce electricity 


Advantages 


Solar energy is a renewable resource 

In many places on Earth sunlight is a reliable energy resource (this means that the 

sun shines most of the time) 

Solar farms produce no greenhouse gases or pollution 

Solar energy can be generated in remote places where they don't have electricity 
For example to power solar street signs in rural areas 


Disadvantages 
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Solar farms need to be large scale to produce large amounts of electricity YOUR NOTES 
This is expensive to set up J 
People often don't like the appearance of large solar farms, this is known as 
visual pollution 

In many places on Earth sunlight is not a reliable energy resource (there are not 

enough sunshine-hours to justify the set-up costs) 
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YOUR NOTES 


Solar panels transfer energy from sunlight to the thermal store of the solar panels l 
which is used to heat water in the pipes 
Solar panels can be used to warm domestic water supplies 
This can reduce the cost of producing hot water since it is heated partially 
by the solar panels 
Solar furnaces consist of large curved mirrors that focus the sun's rays on to a 
small area 
These can be used to boil water, generating enough steam to turn 
turbines and generate electricity in a power station 


e SOLAR PANEL 


HOT WATER | 
CYLINDER 


Solar panels use energy from sunlight to heat water 


Advantages 


Solar energy is a renewable resource 

In many places on Earth sunlight is a reliable energy resource (this means that the 
sun shines most of the time) 

Solar panels produce no greenhouse gases or pollution once they are operating 
Solar panels can cut the cost of energy bills for households 
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Disadvantages 


YOUR NOTES 
Solar furnaces need to be large scale to produce high temperatures l 
Energy is still needed to heat water to a higher temperature in domestic 
households 


In many places on Earth sunlight is not a reliable energy resource (the sun doesn't 
shine regularly enough to justify the set-up costs) 
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YOUR NOTES 


1.8.2 Energy from Fuels \ 


Fossil fuels are: 
Coal 
Natural gas (mostly methane) which is used in domestic boilers and cookers 
Crude oil which is refined into petrol, diesel, and other fuels 


FOSSIL FUEL EXAMPLES 


om 


Fossil fuels: coal, oil and natural gas 


Fossil fuels are formed from the remains of plants and animals 

Chemical energy stored in fossil fuels originally came from sunlight 
Energy from the sun was transferred to the chemical energy store of plants by 
photosynthesis (plants use energy from sunlight to make food) 
Animals ate the plants and the energy was transferred to their chemical store 


Advantages 


The current systems of transport and electricity generation rely heavily on 
fossil fuels which are generally readily available on a daily basis 

In the past fossil fuels have been reliable for large scale energy production 
although this is changing as supplies deplete and prices rise 


Disadvantages 


It takes millions of years for fossil fuels to form 
This is why they are considered to be a non-renewable energy resource 
The increasing demand for a decreasing supply causes prices to increase 
Fossil fuels are predicted to completely run out within the next 200 years 
Burning fossil fuels pollutes the atmosphere with harmful gases such as: 
Carbon dioxide which contributes to the greenhouse effect 
Sulphur dioxide which produces acid rain 
Both carbon and sulphur can be captured upon burning preventing it from 
being released into the atmosphere but this is expensive to do 
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Uses of Fossil Fuels YOUR NOTES 


Fossil fuels are used for: l 
Transport 
Generating electricity 
Heating 


Transport 
The majority of vehicles in the world are powered by petroleum products such as 
petrol, diesel and kerosene 
These resources all originate from crude oil, which is a fossil fuel 


A growing number of vehicles are now being powered by electricity 
The advantage of this is that while the vehicle is being driven, it produces zero 
carbon emissions 
The disadvantage is that when the vehicle is being charged, it is connected to 
the National Grid, which currently uses a combination of renewable and non- 
renewable energy sources 


Electricity Generation 


Electricity plays a bigger role in people's lives than ever before 
With almost 8 billion people in the world, this means the demand for 
electricity is extremely high 
To keep up with this demand, a combination of all the energy resources 
available is needed 
On the downside, the majority (84%) of the world's energy is still produced by non- 
renewable, carbon-emitting sources 
This has an enormous negative impact on the environment 
Currently, scientists are working hard to develop more and more efficient ways 
to produce electricity using more carbon-neutral energy resources 
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PRIMARY GLOBAL ENERGY CONSUMPTION 2019 


RENEWABLES, 122 


NUCLEAR ENERGY, 42 


NATURAL GAS 
242% 


Pie chart of global energy consumption 


Heating 


Most homes in cold countries are fitted with central heating systems 
These utilise natural gas in order to heat up water which can be pumped 
around radiators throughout the home 
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Biofuels are made from plant matter 
Energy from sunlight is transferred to the chemical store of plants 
Ethanol or methane can be produced and used in place of fossil fuels 
However, they have only half the energy density of fossil fuels 


Advantages 


Biofuel is a renewable resource 

Some vehicles can be powered by biofuel rather than using fossil fuels 
Biofuel is considered to be carbon neutral 

No sulphur dioxide is produced 


Disadvantages 
Crops of biofuel producing plants must be grown which takes time 
Growing the crops takes a lot of land, and takes resources needed for food 
production 
Burning biofuels releases carbon dioxide into the atmosphere 
It is considered carbon neutral because plants take in carbon dioxide when 


they photosynthesise 
BIOFUEL 
PRODUCTION 


mm 


CO, ABSORBED BY 
PLANTS DURING 
PHOTOSYNTHESIS 


CO2 RELEASED 
INTO ATMOSPHERE 


Plants take in carbon dioxide during photosynthesis, but carbon dioxide is released 
back into the atmosphere when biofuels are burned 
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Energy stored in the nucleus of atoms can be released when the nucleus is broken 
in two 
This is known as nuclear fission 


[SMALLER NUCLEUS} ~N 


D 
= 


SS 


[SMALLER NUCLEUS] A 


Nuclear Fission: when a large nucleus is broken into two smaller nuclei energy is 
released 


( > 


? qo 


Nuclear power stations use fission reactions to heat water, to turn turbines to 
generate electricity 


Advantages 


No pollution released into atmosphere 

Nuclear reactors are perfectly safe as long as they are functioning properly 
Stringent checks must be routinely carried out and rigorous safety 
procedures followed 

Nuclear power stations can generate electricity reliably on a large scale 

which is available as needed 


Disadvantages 


Uranium ore found in the ground is used for fission reactions and since there 
is a finite supply 
Nuclear power is a non-renewable resource 

Nuclear fuels produce radioactive waste 

Radioactive waste needs to be stored for thousands of years 

Safe ways of storing radioactive waste is expensive 
If an accident occurs at a nuclear reactor, radioactive waste can leak out and 
spread over large areas 


Page 140 of 151 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


140/569 


Combined By NESRINE 


YOUR NOTES 
l 


FHsavemyexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


The rise and fall of waves or the tide can be used to turn a turbine and generate 


electricity 


WAVES TURN TURBINE 


Underwater turbines generate electricity 


Advantages 
No pollution 
Reliable and can produce a large amount of electricity at short notice 


Renewable energy resource 
Small systems are being developed to provide electricity for small islands 


Disadvantages 


Expensive to build 

Damages fragile habitats 

Very few suitable locations 

The technology is not advanced enough for large scale electricity production 
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When water is stored above ground level it has energy in its gravitational potential 
store 


This energy can be transferred to kinetic energy if the water is allowed to flow 
down the slope 


Flowing water turns the turbine to generate electricity 


e RESERVOIR 


TURBINE ° eRIVER STREAM 


A hydroelectric dam converts energy from the gravitational potential energy store of 
the water to its kinetic energy store mechanically to generate electricity 


Advantages 


Can respond to demand so is reliable and available 
Can generate large scale amounts of electricity 


Disadvantages 


Need to flood valleys to build which destroys habitats, towns and villages 
The pumping systems can release large amounts of greenhouse gases 
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1.8.4 Geothermal Energy YOUR i 


Radioactive elements deep in the Earth release energy as they decay, this 
geothermal energy heats up the rocks, sometimes to a high temperature 

Water can be poured into shafts below the Earth's surface which is heated by the 
rocks and returned via another shaft as steam or hot water 

Steam can be used to turn a turbine and generate electricity, and hot water can be 
used to heat homes 


GEOTHERMAL ENERGY 


TURBINE & 


GENERATOR 


COOLING, 
TOWER 


Cold water is heated by the rocks and returned as hot water or steam which can be 
used to generate electricity 


Advantages 


Renewable resource 

Reliable source of energy 

Geothermal power stations are usually small compared to nuclear or fossil fuel 
power stations 


Disadvantages 


Few suitable locations on Earth so small scale production of electricity 
Can result in the release of greenhouse gases from underground 
Expensive to build 
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1.8.5 Nuclear Fusion YOUR n 


EXTENDED 


The Sun’s energy is produced by through the process of nuclear fusion in its core 
Nuclear fusion involves the collision (and bonding) of hydrogen nuclei to form 
helium nuclei, releasing nuclear energy in the process 


Ea O 


(Ø save myexams 


Fusion is the process in which small nuclei, such as hydrogen, are fused together to 
form larger nuclei releasing energy in the process 


It is theoretically possible to produce a fusion reactor that could be used to 
generate electricity 
This technology could potentially solve the world's energy crisis 
Fusion requires extremely high temperatures, like in the centre of a star 
Scientists are currently researching how to sustain a fusion reaction at lower 
temperatures 
International research projects funded by some of the worlds largest 
businesses are making progress with some promising results 
Currently, the fusion reactions require nearly as much energy than they produce, 
but progress is being made toward net energy production 
If they succeed, virtually limitless amounts of energy could be produced, with 
large scale, carbon-free electricity generation 
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1.9.1 Pressure & Forces 


Pressure is defined as 
The concentration of a force or the force per unit area 


For example, when a drawing pin is pushed downwards: 
It is pushed into the surface, rather than up towards the finger 
This is because the sharp point is more concentrated (a small area) creating a 
larger pressure 


DRAWING PIN | 
(THUMB TACK) 


When you push a drawing pin, it goes into the surface (rather than your finger) 


Example 1: Tractors 
Tractors have large tyres 
This spreads the weight (force) of the tractor over a large area 
This reduces the pressure which prevents the heavy tractor from sinking into 
the mud 


Example 2: Nails 
Nails have sharp pointed ends with a very small area 
This concentrates the force, creating a large pressure over a small area 
This allows the nail to be hammered into a wall 


The pressure at the surface of a fluid can be calculated using the equation: 
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© FORCE (N) 


15 
Pra 


PRESSURE (Pa) o 
° AREA (m?) 


Pressure is measured in the units Pascals (Pa) 
The area should always be the cross-sectional area of the object 
This means the area where the force is at right angles to it 


This equation can be rearranged with the help of a formula triangle: 


AREA (A) 


PRESSUREMIP) 


Pressure, force, area formula triangle 


This equation tells us that: 
If a force is spread over a large area it will result in a small pressure 
If itis spread over a small area it will result in a large pressure 
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X g 


HIGH PRESSURE LOW PRESSURE 


WEIGHT FROM HEELED SHOES IS WEIGHT FROM FLAT SHOES IS 
SPREAD OVER A SMALLER AREA SPREAD OVER A LARGER AREA 


YOUR NOTES 
l 


THIS EXERTS A HIGHER PRESSURE THIS EXERTS A LOWER PRESSURE 
ON THE GROUND ON THE GROUND 


High heels produce a higher pressure on the ground because of their smaller area, 
compared to flat shoes 
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1.9.2 Pressure in a Liquid YOUR n 


A fluid is either a liquid or a gas 


When an object is immersed in a fluid, the fluid will exert pressure, squeezing the 
object 


This pressure is exerted evenly across the whole surface of the fluid and in all 
directions 

The pressure exerted on objects in fluids creates forces against surfaces 
These forces act at 90 degrees (at right angles) to the surface 


The pressure of a fluid on an object creates a force normal (at right angles) to the 
surface 


The pressure of a fluid on an object will increase with: 
Depth within the fluid 
Increased density of the fluid 
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YOUR NOTES 
EXTENDED l 


The pressure is more accurately the difference in pressure at different depths hin 
a liquid, since the pressure changes with the depth 


The pressure due to a column of liquid can be calculated using the equation 
Ap = pg&h 


Where: 
Ap = change in pressure in pascals (Pa) 
Where 1 Pa = 1 N/m? 
p = density of the liquid in kilograms per metre cubed (kg/m?) 
g = gravitational field strength on Earth in newtons per kilogram (N/kg) 
Ah = change in height of the column in metres (m) 


The force from the pressure is exerted evenly across the whole surface of an 
object in a liquid, and in all directions 


DEPTH, h 


The force from the pressure of objects in a liquid is exerted evenly across its whole 
surface 
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© Worked Example 


Calculate the depth of water in a swimming pool where a pressure of 20 
kPa is exerted. The density of water is 1000 kg/m? and the gravitational 
field strength on Earth is 9.8 N/kg. 


Step 1: List the known quantities 


e Pressure, p = 20 kPa 
e Density of water, p = 1000 kg/m? 
e Gravitational field strength, g = 9.8 N/kg 


Step 2: List the relevant equation 


p = hpg 

Step 3: Rearrange for the height, A 
h= La 
pg 


Step 4: Convert any units 
20 kPa = 20 000 Pa 
Step 4: Substitute in the values 


20 000 


= 1000258 = 2.0408 = 2.0m 


©) Exam Tip 


w , : l , 
This pressure equation will be given on your formula sheet, however, make 
sure you are comfortable with rearranging it for the variable required in the 
question! 
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IGCSE Physics CIE e 


CONTENTS 
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2.1.2 Molecular Matter 


2.1.3 Temperature & Pressure 
2.1.4 Brownian Motion 
2.1.5 Gases & Absolute Temperature 
2.2 Thermal Properties & Temperature 
2.2.1 Thermal Expansion 
2.2.2 Specific Heat Capacity 
2.2.3 Investigating Specific Heat Capacity 
2.2.4 Melting & Boiling 
2.2.5 Evaporation 
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2.3.2 Thermal Conduction 
2.3.3 Convection 
2.3.4 Radiation 
2.3.5 The Greenhouse Effect 
2.3.6 Investigating IR Radiation 


2.3.7 Consequences of Thermal Energy Transfer 
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2.1 Kinetic Particle Model of Matter 


2.1.1 States of Matter 


Properties of Solids, Liquids & Gases 
The Three States of Matter 


ao © 


A SOLID HAS FIXED A LIQUID HAS FIXED A GAS WILL EXPAND 
SHAPE AND VOLUME VOLUME, BUT WILL TO COMPLETELY FILL 
FLOW TO TAKE THE A CONTAINER 


SHAPE OF A CONTAINER 


The three states of matter in terms of shape and volume 


Solids 


e Solids have a definite shape and a definite volume 
o Solids cannot flow and are not compressible 
Liquids 


e Liquids have no definite shape but do have a definite volume 
o Liquids are able to flow to take the shape of a container but they are not 
compressible 


Gases 


e Gases have no definite shape and no fixed volume 
o Gases can flow to take the shape of their container and are highly 
compressible 
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Changes of State YOUR NOTES 


When a substance changes state, the number of molecules in that substance doesn't J 
change and so neither does its mass 


e The only thing that changes is its energy 
e Changes of state are physical changes and so they are reversible 


Melting & Freezing 


e Melting occurs when a solid turns into a liquid (e.g. ice to water) 
e Freezing occurs when a liquid turns into a solid 


Boiling & Condensing 


e Boiling occurs when a liquid turns into a gas 
o This is also called evaporating 
e Condensing occurs when a gas turns into a liquid 


[ SOLIDS | [LiQuIDs | [ GASES | 
Q Exam Tip 


It is very useful to think about water when learning the changes of state, 
because we are all used to the idea that solid water (ice) melts to become 
liquid water (water!) and boils to become gaseous water (water vapour). 


However do remember that all substances undergo the same changes 
between the three states, but at different temperatures. So while water will 
help you to remember the names, don't refer to water in your answers 
unless it has been specified. 
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2.1.2 Molecular Matter YOUR n 


Arrangement & Motion of Particles 


e In a solid: 
o The molecules are very close together and arranged in a regular pattern 
o The molecules vibrate about fixed positions 


e In a liquid: 
o The molecules are still close together (no gaps) but are no longer arranged in 
a regular pattern 
o The molecules are able to slide past each other 


e In a gas: 
= The molecules are widely separated - about 10 times further apart in 
each direction 
=» The molecules move about randomly at high speeds 


Arrangement of Regular pattern Randomly arranged Randomly arranged 
particles 


Movement of Vibrate around a Move around each Move quickly in all 
particles fixed position other directions 


Energy of particles Greater energy Highest energy 


2D diagram 
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The Forces & Distances between Molecules 
EXTENDED 


e The forces between particles affect the state of matter 
e This is because the magnitude of the forces affects the relative distances and 
motion of the particles 
e This affects the ability of the substance to 
o Change shape 
o Change volume 
o Flow 
e The particles that make up matter include 
o Atoms 
o Molecules 
o lons 
o Electrons 


Intermolecular Forces and Motion of Particles 
Solids 


e The molecules in a solid are held in place by strong intermolecular forces 
o They only vibrate in position 
o The distance between them is fixed 
o This gives the solid its rigid shape and fixed volume 


Liquids 


e The molecules in a liquid have enough energy to overcome the forces between 
them 
e They are still held close together 
o The volume of the liquid is the same as the volume of the solid 
e Molecules can move around (by sliding past each other) 
o This allows the liquid to change shape and flow 


Gases 


e The molecules in a gas have more energy and move randomly at high speeds 
o The molecules have overcome the forces holding them close together 

e Because of the large spaces between the molecules 
o The gas can easily be compressed and is also able to expand 
o Gases flow freely 
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YOUR NOTES 


© Worked Example l 


Two states of matter are described below. Identify each of the states of 
matter. 


Substance 1 


© molecules are spaced very far apart 
o molecules move very quickly at random 
o molecules move in a straight line 


Substance 2 


o molecules are quite closely packed together 
o molecules move about at random 
o molecules do not have fixed positions 


Substance 1 
Step 1: Identify the distances between the molecules 


o The molecules are spaced far apart 
= This can only describe a gas 


Step 2: Identify the motion of the molecules 


o The molecules move quickly, at random and in a straight line 
=a This confirms that substance 1 is a gas 


Substance 2 
Step 1: Identify the distances between the molecules 


o The molecules are closely packed 
= This could describe either a solid or a liquid 


Step 2: Identify the motion of the molecules 


o The molecules move at random and do not have fixed positions 
= This confirms that substance 2 is a liquid 
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Temperature & Energy of Particles YOUR NOTES 


e The amount of pressure that a gas exerts on its container is dependent on the J 
temperature of the gas 
o This is because particles gain kinetic energy as their temperature increases 


e As the temperature of the gas decreases, the pressure on the container also 
decreases 
e In 1848, Mathematician and Physicist, Lord Kelvin, recognised that there must be a 
temperature at which the particles in a gas exert no pressure 
o At this temperature they must no longer be moving, and hence not colliding 
with their container 


e This temperature is called absolute zero and is equal to -273 °C 


PRESSURE 


Tar TEMPERATURE (°C) 


At absolute zero, or -273 °C, particles will have no net movement. It is therefore not 
possible to have a lower temperature 


e The unit kelvin is written as K 
o Note that there is no degree as with Celsius, which is written °C 
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YOUR NOTES 


©) Exam Tip I 


” Once you start thinking about the motion of molecules, atoms, electrons and 
ions affecting their kinetic energy this topic will become much easier to 
remember. 


An increase in temperature means an increase in internal energy. With more 
energy the molecules can move about more as they get more kinetic energy. 
Once they are moving more they can break their bonds and spread apart, 
which we experience as a change of state. 


Changes of state are caused, basically, by simple conservation of energy and 
energy transfers, which you should already be comfortable with from Years 
7 and 8. 
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2.1.3 Temperature & Pressure YOUR n 


Motion of Particles in a Gas 


e Molecules in a gas are in constant random motion at high speeds 
e Random motion means that the molecules are travelling in no specific path and 
undergo sudden changes in their motion if they collide: 
o With the walls of its container 
o With other molecules 
e Pressure in a gas is caused by the collisions with the surface (walls) of the 


container 


Fsavemyexams 


Random motion of gas molecules in a container 
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Pressure & Force of Particles in a Gas YOUR NOTES 
EXTENDED J 


Gas molecules hit the sides of the container and exert a force, which creates 
pressure. 


e A feature of gases is that they fill their container 
e The pressure is defined as the force per unit area 


© AREA (m?) 


e As the gas particles move about randomly they collide with the walls of their 
containers 
e These collisions produce a net force at right angles to the wall of the gas 
container (or any surface) 
e Therefore, a gas at high pressure has more frequent collisions with the container 
walls and a greater force 
o Hence the higher the pressure, the higher the force exerted per unit area 
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YOUR NOTES 
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a 


#save myexams 
Gas molecules bouncing off the walls of a container 
e Itis possible to experience this force by closing the mouth and forcing air into the 
cheeks 


e The strain on the cheeks is due to the force of the gas particles pushing at right 
angles to the cheeks 
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2.1.4 Brownian Motion 


Brownian Motion 


e The Kinetic Theory of Matter, which simply says that all matter is made up of tiny 
particles, was discovered almost by accident 
o The Scottish scientist Robert Brown first described the random motion of 
pollen grains in water, which he saw under a microscope 
o This observation could not be explained at the time, but later it was realised 
that it shows that substances are made of particles which are in constant 
motion (hence ‘kinetic’) 


Brownian Motion: the random motion of microscopic particles when observed through 
a microscope 


e Brownian motion is the random movement of particles in a liquid or a gas 
produced by large numbers of collisions with smaller particles which are often too 
small to see 


o When small particles (such as pollen or smoke) are suspended in a liquid or 
gas, they can be observed through a microscope moving around in a random, 
erratic fashion 


i" 


SMOKE 
PARTICLE 


GAS i 
MOLECULES 


| 


Light, fast-moving molecules collide with larger particles, giving them a little nudge 
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[LARGE PARTICLES 


SMALLER, FASTER 
MOVING PARTICLES 


EXTENDED 


e When observing Brownian Motion, even with a microscope, only the microscopic 


particles can be seen 
o The pollen or smoke particles are seen to move 
o Smaller atoms and molecules, of water or air, are still too small to be seen 


e These light, fast-moving atoms and molecules collide with the larger microscopic 


particles 
o The collisions give the particles a little nudge, causing them to change their 
speed and directions randomly, each time they are struck by a molecule 


e The presence of the light, fast moving atoms and molecules is inferred from the 


motion of the microscopic particles 
o Inferences such as this are an important part of scientific investigation 
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2.1.5 Gases & Absolute Temperature YOUR . 


Absolute Temperature 


e The kelvin temperature scale begins at absolute zero 
o O Kis equal to -273 °C 
o An increase of 1 Kis the same change as an increase of 1 °C 


e It is not possible to have a temperature lower than 0 K 
e This means a temperature in kelvin will never have a negative value 


e To convert between temperatures ĝin the Celsius scale, and T in the Kelvin scale, 
use the following conversion: 


@/ C=T/K-— 273 
T/K=60/ C+ 273 
THERMODYNAMIC ` 


CONVERSION TO °C: 


400 - 273.15 = 126.85 400 +127 
= 127 (ROUNDED TO 3s.f.) 
300 +27 
273.45 0.00 MELTING POINT OF ICE 
200 -73 
100 —173 


ABSOLUTE ZERO 
(NO TEMPERATURE 
IS BELOW THIS) 


(0) =27/3 


Conversion chart relating the temperature on the Kelvin and Celsius scales 


Page 14 of 67 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


165/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 


© Worked Example l 


Convert the following values between the Kelvin (absolute) and Celsius 
scales of temperature. 


Part (a) 
Step 1: Choose whether to add or subtract 273 to the value 
= The question is in kelvin therefore subtract 273 to convert to Celsius 
Step 2: Do the calculation 
= 0 — 273 = -273 
Step 3: Write the answer with units 


= OK = —273 °C 


Part (b) 
Step 1: Choose whether to add or subtract 273 to the value 
= The question is in Celsius therefore add 273 to convert to kelvin 
Step 2: Do the calculation 
= 0 + 273 = 273 
Step 3: Write the answer with units 


a 0°C = 273 K 


Part (c) 
Step 1: Choose whether to add or subtract 273 to the value 
a The question is in Celsius therefore add 273 to convert to kelvin 
Step 2: Do the calculation 


=a 20 + 273 = 293 
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Step 3: Write the answer with units YOUR NOTES 
= 20 °C = 293 K l 
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The Gas Laws YOUR NOTES 


Pressure & Volume (Constant Temperature) l 


e If the temperature of a gas remains constant, the pressure of the gas changes 
when it is: 
o Compressed - decreases the volume which increases the pressure 
o Expanded - increases the volume which decreases the pressure 


LOW PRESSURE HIGH PRESSURE 


Pressure increases when a gas is compressed 


e Similarly, a change in pressure can cause a change in volume 

e A vacuum pump can be used to remove the air from a sealed container 

e The diagram below shows the change in volume to a tied up balloon when the 
pressure of the air around it decreases: 


AT NORMAL AIR PRESSURE 
THE BALLOON HAS A 
LOW VOLUME 


AS THE PRESSURE IN 
THE BELL JAR DECREASES, 
THE VOLUME OF THE 
BALLOON INCREASES 


BELL JAR OPEN TO 
THE SURROUNDINGS 


AIR REMOVED FROM BELL. 
JAR BY VACUUM PUMP 
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e When a gas is compressed, the molecules will hit the walls of the container more YOUR NOTES 
frequently J 
o This creates a larger overall net force on the walls which increases the 
pressure 


Pressure & Temperature (Constant Volume) 


e The average speed of motion of molecules increases when the temperature 
increases (and vice versa) 
e Since the average kinetic energy depends on their speed, the kinetic energy of the 
molecules also increases if its volume remains constant 
o The hotter the gas, the higher the average kinetic energy 
o The cooler the gas, the lower the average kinetic energy 


e As the gas heats up, the molecules will travel at a higher speed 
o They collide with the walls more often, increasing the pressure 


e Therefore, at a constant volume, an increase in temperature increases the 
pressure of a gas and vice versa 
o Diagram A shows molecules in the same volume collide with the walls of the 
container more as the temperature increases 
o Diagram B shows that since the temperature is proportional to the pressure, 
the graph is a straight line 
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MORE FREQUENT COLLISIONS OF GAS MOLECULES WITH THE | YOUR NOTES 
CONTAINER WALL AS THE PARTICLES HAVE MORE ENERGY | 


TEMPERATURE AGAINST 


PRESSURE GIVES A 
STRAIGHT LINE 


o TEMPERATURE (K) 


O PRESSURE 


At constant volume, an increase in the temperature of the gas increases the pressure 
due to more collisions on the container walls 
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Boyle's Law 
EXTENDED 
Boyle’s Law 


e If the temperature 7 of an ideal gas is constant, then Boyle’s Law is given by: 


ae 
<y 


o This means the pressure is inversely proportional to the volume of a gas 


e The relationship between the pressure and volume for a fixed mass of gas at 
constant temperature can also be written as: 


P, Vi = P, V, 
e Where: 
o Pı = initial pressure (Pa) 
o P2 = final pressure (Pa) 
o V; = initial volume (m3) 


o Və = final volume (m3) 


e Notice that volume and pressure are measured in m2 and Pa respectively 
o In calculations if units are given in cm? or MPa this is a rare case where 
calculations can be done using the original units as long as answers are 
reported in the same, original units 


VOLUME 


PRESSURE 


Boyle's Law graph: Pressure is inversely proportional to volume 
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YOUR NOTES 


©) Exam Tip I 


It is an easy mistake to make to think that an inversely proportional graph 
will be a straight line sloping downwards. After all, a directly proportional 
graph is a straight line (through the origin) which slopes upwards! 


The curve above which ‘tends towards zero' (meaning the curve gets closer 
and closer but never touches the axis, or zero is an inversely proportional 


curve, as the graph below shows. 
GRAPH OF INVERSE 
PROPORTION 


VOLUME 
5 


WHEN P=3,V=3 


WHEN P=5,V = 


a 
5 


S 
~ 
`~- 
-- 


PRESSURE 
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2.2 Thermal Properties & Temperature 


2.2.1 Thermal Expansion 


Thermal Expansion 


e When materials are heated, they expand 
e This expansion happens because the molecules start to move around (or vibrate) 
faster, which causes them to knock into each other and push each other apart 


Ai 


When a solid is heated, the molecules vibrate more, pushing each other apart 


Note: When this happens, it is the space taken up by the molecules that increases. The 
molecules themselves remain the same size. 


e Thermal expansion occurs in solids, liquids and gases 


e When temperature is increased (at constant pressure); 
o Solids will tend to expand the least 
o Gases expand the most 
o Liquids fall in between the two 
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Thermal Expansion in Terms of Particles 
EXTENSION 


e Molecules do not expand, but the space in between them does 
o When solids, liquids and gases are heated: 


STATE EXPANSION 


SOLIDS EXPAND SLIGHTLY 
(DUE TO THE STRONG BONDS HOLDING THE 
MOLECULES TOGETHER) 


LIQUIDS EXPAND MORE THAN SOLIDS 
(DUE TO THE WEAKER BONDS BET WEEN 
THE MOLECULES) 


EXPAND SIGNIFICANTLY 
(DUE TO THERE BEING NO BONDS HOLDING 
THE MOLECULES TOGETHER) 
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Uses & Consequences of Thermal Expansion YOUR NOTES 


e The thermal expansion of materials can have some useful applications, but also J 
has some undesirable consequences 


e Applications: 
o Thermometers rely on the expansion of liquids to measure temperature 
o Temperature-activated switches work when a bimetallic strip, consisting of 
two metals that expand at different rates, bends by a predictable amount ata 
given temperature 


BIMETALLIC STRIP e 


The bimetallic strip will bend upwards when heated, closing the circuit 


e Consequences: 
o The expansion of solid materials can cause them to buckle if they get too hot 
o This could include: 
= Metal railway tracks 
= Road surfaces 
= Bridges 


o Things that are prone to buckling in this way have gaps built in, this creates 
space for the expansion to happen without causing damage 
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YOUR NOTES 


©) Exam Tip l 


® Remember that it is the material that expands, not the molecules. This trips 
up many students, losing marks. 


As heat is added; 


1. The increase in temperature... 
2. Leads to an increase in kinetic energy, so that... 
3. Molecules and atoms move more quickly... 
4. And move apart 
o This separation of the the molecules makes the substance bigger! 
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2.2.2 Specific Heat Capacity YOUR . 


Internal Energy 


e Arise in the temperature of an object increases its internal energy 
o This can be thought of as due to an increase in the average speed of the 
particles 
o Increasing speed increases kinetic energy 


e Internal energy is defined as: 


The total energy stored inside a system by the particles that make up the 
system due to their motion and positions 


e Motion of the particles affects their kinetic energy 
e Positions of the particles relative to each other affects their potential energy 
o Together, these two make up the internal energy of the system 


KEY 
—> = KINETIC ENERGY 


— = POTENTIAL ENERGY 


Substances have internal energy due to the motion of the particles and their 
positions relative to each other 
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YOUR NOTES 
EXTENDED J 


Heating a system changes a substance's internal energy by increasing the kinetic 
energy of its particles 
The temperature of the material, therefore, is related to the average kinetic 
energy of the molecules 


This increase in kinetic energy (and therefore internal energy) can: 
Cause the temperature of the system to increase 
Or, produce a change of state (solid to liquid or liquid to gas) 


NORMAL GAS (LOW T) HEATED GAS (HIGH T) 


GAS MOLECULES ARE 

FREE TO MOVE AND 

HAVE NO INTERMOLECULAR 
FORCES 


THE GAS MOLECULES MOVE 
e MUCH FASTER WITH HIGHER 
KINETIC ENERGY 


BUNSEN BURNER 
eHEATS UP THE 
CONTAINER 


THE MOLECULES 
HAVE MORE 
INTERNAL ENERGY 


LOW INTERNAL ENERGY HIGH INTERNAL ENERGY 


As the container heats up, the gas molecules move faster 


Faster motion causes higher kinetic energy and therefore higher internal energy 
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YOUR NOTES 
EXTENDED J 


How much the temperature of a system increases depends on: 
The mass of the substance heated 
The type of material 
The amount of thermal energy transferred in to the system 


The specific heat capacity, c, of a substance is defined as: 


The amount of energy required to raise the temperature of 1 kg of the 
substance by 1 °C 


Different substances have different specific heat capacities 
If a substance has a low specific heat capacity, it heats up and cools down 
quickly (ie. it takes less energy to change its temperature) 
If a substance has a high specific heat capacity, it heats up and cools down 
slowly (ie. it takes more energy to change its temperature) 


Sia 


COPPER BLOCK ALUMINIUM BLOCK WATER 


SPECIFIC HEAT CAPACITY SPECIFIC HEAT CAPACITY SPECIFIC HEAT CAPACITY 
OF COPPER OF ALUMINIUM OF WATER 
= 390 J/kgC = 910 J/kg°C = 4200 J/kg’C 


LOWER SPECIFIC HEAT CAPACITY- HIGHER SPECIFIC HEAT CAPACITY — 
WARMS UP AND COOLS DOWN QUICKLY WARMS UP AND COOLS DOWN SLOWLY 
AS IT TAKES MUCH LESS ENERGY TO AS IT TAKES MUCH MORE ENERGY 
CHANGE ITS TEMPERATURE TO CHANGE ITS TEMPERATURE 


Low vs high specific heat capacity 


Calculating Specific Heat Capacity 


The amount of energy needed to raise the temperature of a given mass by a given 
amount can be calculated using the equation: 
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AQ = mcAT 
Where: 


AQ = change in thermal energy, in joules (J) 
m = mass, in kilograms (kg) 


c = specific heat capacity, in joules per kilogram per degree Celsius U/kg °C) 


AT = change in temperature, in degrees Celsius (°C) 


© Worked Example 


Water of mass 0.48 kg is increased in temperature by 0.7 °C. The specific 
heat capacity of water is 4200 J / kg °C. 


Calculate the amount of thermal energy transferred to the water. 


Step 1: Write down the known quantities 


Mass, m= 0.48 kg 
Change in temperature, AT = 0.7 °C 
Specific heat capacity, c = 4200 J/kg °C 


Step 2: Write down the relevant equation 


AQ = mcAT 


Step 3: Calculate the thermal energy transferred by substituting in the values 


AQ = (0.48) x (4200) x (0.7) = 1411.2 
Step 4: Round the answer to 2 significant figures and include the units 


AQ = 1400 J 
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©) Exam Tip YOUR ae 
w 


You will always be given the specific heat capacity of a substance, so you do 
not need to memorise any values. 


However, it's useful to have the general idea that, the larger the number, 
the less the substance will increase in temperature for a given amount of 
heat. 


You can see this for yourself in your own kitchen at home. Metal pans, which 
have a relatively low specific heat capacity get very hot, very quickly when 
put on the hob. Add water to the pan, which has a relatively high specific 
heat capacity and the water will take much longer to heat up. 


Notice the units of specific heat capacity: 
joules per kilogram per degree Celsius :J / kg °C 


'per' means 'divided by'. We say 'per' in front of every value that is being 
divided by, hence 'per kilogram per degree Celsius' 
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2.2.3 Investigating Specific Heat Capacity YOUR o 


EXTENDED 


Aims of the Experiment 
The aim of the experiment is to determine the specific heat capacity of a 
substance, by linking the decrease of one energy store (or work done) to the 
increase in temperature and subsequent increase in thermal energy stored 


Variables: 


Independent variable = Time, t 
Dependent variable = Temperature, 0 
Control variables: 

Material of the block 

Current supplied, / 

Potential difference supplied, V 


Equipment List 


Equipment Purpose 


Akg block of metal (e.g. aluminium), | Substance to calculate the specific heat 
or, a beaker containing a known capacity 
mass of water 


Thermometer To measure the temperature rise of the 
substance 


Power supply To supply power to the heater 

Stopwatch To measure the time taken for the substance 
to heat up by a certain temperature 

Voltmeter To determine the potential difference 
through the heater 

Ammeter To determine the current from the power 
supply to the heater 


Resolution of measuring equipment: 
Thermometer = 1 °C 
Stopwatch = 0.01 s 
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Voltmeter = 0.1 V YOUR NOTES 
Ammeter = 0.01 A J 
Method 


KR WN 


e THERMOMETER 
e HEATER 


ALUMINIUM 
BLOCK 


a 


\— a 


Apparatus to investigate the specific heat capacity of the aluminium block 


. Start by assembling the apparatus, placing the heater into the top of the block 

. Measure the initial temperature of the aluminium block from the thermometer 

. Turn on the power supply and start the stopwatch 

. Whilst the power supply is on, the heater will heat up the block. Take several 
periodic measurements, eg. every 1 minute of the voltage and current from the 
voltmeter and ammeter respectively, calculating an average for each at the end of 
the experiment up to 10 minutes 

. Switch off the power supply, stop the stopwatch and leave the apparatus for about 
a minute. The temperature will still rise before it cools 

. Monitor the thermometer and record the final temperature reached for the block 


An example table of results might look like this: 
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POTENTIAL 
TIME / s DIFFERENCE / V CURRENT 7A 


AVERAGE 


INITIAL TEMPERATURE /°C | FINAL TEMPERATURE /°C 


Analysis of Results 


The thermal energy supplied to the block can be calculated using the equation: 
E= IVt 


Where: 
E = thermal energy, in joules (J) 
l= current, in amperes (A) 
V = potential difference, in volts (V) 
t = time, in seconds (s) 


The change in thermal energy is defined by the equation: 
AE = mcd 


Where: 
AE = change in thermal energy, in joules () 
m = mass, in kilograms (kg) 
c = specific heat capacity, in joules per kilogram per degree Celsius U/kg °C) 
A0 = change in temperature, in degrees Celsius (°C) 


Rearranging for the specific heat capacity, c: 


To calculate A0: 
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A9 = final temperature - initial temperature YOUR NOTES 
4 


To calculate AE: 
AE = 1Vt;- IVt; 


Where: 
l= average current, in amperes (A) 
V = average potential difference (V) 
ty = final time, in seconds (s) 
t; = initial time, in seconds (s) 


These values are then substituted into the specific heat capacity equation to 
calculate the specific heat capacity of the aluminium block 


Evaluating the Experiment 


Systematic Errors: 


Make sure the voltmeter and ammeter are initially set to zero, to avoid zero error 


Random Errors: 


Not all the heat energy supplied from the heater will be transferred to the block, 
some will go into the surroundings or heat up the thermometer 
This means the measured value of the specific heat capacity is likely to be 
higher than what it actually is 
To reduce this effect, make sure the block is fully insulated 


A joulemeter could be used to calculate energy directly 
This would eliminate errors from the voltmeter, ammeter and the stopwatch 


Make sure the temperature value is read at eye level from the thermometer, to 
avoid parallax error 

The experiment can also be repeated with a beaker of water of equal mass, the 
water should heat up slower than the aluminium block 


Safety Considerations 
Make sure never to touch the heater whilst it is on, otherwise, it could burn skin or 


set something on fire 
Run any burns immediately under cold running water for at least 5 minutes 


Allow time for all the equipment, including the heater, wire and block to cool 
before packing away the equipment 

Keep water away from all electrical equipment 

Wear eye protection if using a beaker of hot water 
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2.2.4 Melting & Boiling YOUR . 


The melting and boiling points of pure water are known as fixed points 
Ice melts at 0 °C 
Pure water boils at 100 °C 


These are the accepted values for pure water at atmospheric pressure 


Ice melts at O °C and water boils at 100 °C 
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While a substance is changing state, either 
Melting or freezing 
Boiling or condensing 


The substance does not change temperature, even though energy is being 
transferred to or away from the thermal energy store of the substance 


TEMPERATURE 


TIME 
#Hsavemy exams 


Boiling 
When liquid water is heated by adding thermal energy (say from the gas flame or 
kettle element), the temperature of the water rises until the water boils 
At the boiling point, even if more thermal energy is added, the liquid water 
does not get any hotter 
This means that the internal energy is not rising 


The additional thermal energy goes into overcoming the intermolecular forces 


between the molecules of water 
As the forces are overcome, the liquid water becomes water vapour (steam) 


This is evaporation or vaporisation; the water is now a gas 


The process is repeated backwards for cooling as energy is transferred away 
A gas turns back into liquid through condensation 


Melting 
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When solid water (ice) is heated by adding thermal energy (from the surroundings, YOUR NOTES 
or a flame), the ice melts J 

At the melting point, even if more thermal energy is added, the solid water 

does not get warmer 

This means that the internal energy is not rising 


The additional thermal energy goes into overcoming the intermolecular forces 
between the molecules of the solid ice 

As the forces are overcome, the solid water becomes liquid 

This is melting; the ice is now a liquid 


The process is repeated backwards for cooling as heat is transferred away 
A liquid turns back into a solid through freezing 
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YOUR NOTES 


Heating and cooling graphs are used to summarise: J 
How the temperature of a substance changes when energy is transferred to or 
away from it 
Where changes of state occur 


Heating and cooling graphs tend to be the same 
Heating is when energy is transferred to the system and the kinetic energy of 
the molecules increases (red arrows to the right) 
Cooling is when energy is transferred away from the system (or dissipated to 
the surroundings) and the kinetic energy of the molecules decreases (blue 
arrows to the left) 


Condensation 


The particle diagrams next to the graph show that as a gas condenses into a liquid 
The gas has already lost heat energy (cooled down) 


The particles lose kinetic energy and move more slowly 
They no longer have enough energy to overcome the intermolecular forces of 
attraction between molecules 
The particles get closer together 
They only have enough energy to flow over one another 


The gas has condensed into a liquid with no change of temperature 
Solidification 


The particle diagrams next to the graph show that as a liquid solidifies into a solid 
The liquid has already lost heat energy (cooled down) 


The particles lose kinetic energy and move more slowly 
They no longer have enough energy to overcome the intermolecular forces of 
attraction between molecules 
The particles get closer together 
They only have enough energy to vibrate about their fixed position 


The liquid has solidified into a solid with no change of temperature 
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Heating/cooling curve of a substance showing the energy changes as temperature is 
increased/decreased 
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2.2.5 Evaporation 


Evaporation is a change in state of a liquid to a gas 
It happens; 

At any temperature 

Only from the surface of a liquid 


The molecules in a liquid have a range of energies 
Some have lots of energy, others have very little 
Their average energy relates to the temperature of the liquid 


Evaporation occurs when more energetic molecules moving near the surface of the 
liquid have enough energy to escape 

The average energy of the liquid is reduced 

Therefore liquids are cooled down by evaporation 


Evaporation occurs when more energetic molecules near the surface of a liquid 
escape 


EXTENDED 


Temperature, Surface Area & Air Movements 


These factors all affect the rate of evaporation 


Increased temperature increases the kinetic energy of the molecules in the liquid 
Molecules with more energy are more likely to overcome the intermolecular 
forces holding them in the liquid state and escape the surface 
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Therefore higher temperature leads to a higher rate of evaporation 
Molecules only escape the intermolecular forces of attraction at the surface of the 
liquid 


Therefore a larger surface area leads to a higher rate of evaporation 
Air movement carries away the water vapour which has just evaporated 
This dries the air and allows more water molecules to escape 


Therefore increasing air movement (when indoors this is sometimes called 
draughts) increases the rate of evaporation 


EXTENDED 


Evaporation & Cooling 
The process of evaporation can be used to cool things down: 


If an object is in contact with an evaporating liquid, as the liquid cools the 
solid will cool as well 


This process is used in refrigerators and air conditioning units 


EXTENDED 


Boiling is also a change in state from liquid to gas 
Boiling happens only at the boiling point of the liquid 


The change of state happens all through the liquid (seen as bubbles in boiling 
water, for example) 


EVAPORATION BOILING 


LIQUID —> GAS 


CHANGE OF STATE? LIQUID GAS 


ANY TEMPERATURE 


TEMPERATURE? 


ONLY AT BOILING POINT 


THROUGHOUT THE LIQUID 


FROM WHERE? 
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2.3 Transfer of Thermal Energy YOUR n 


2.3.1 Demonstrating Conduction 


Good thermal conductors are solids which easily transfer heat 

For example; a metal pan or a ceramic tea cup 
Bad thermal conductors (also called insulators) are solids which do not transfer 
heat well 

For example; a woolen blanket or layers of cardboard or paper 


Comparing Conduction in Tiles and Textiles 
This demonstration shows why homes use rugs and carpets 
Find a tiled or stone area of floor 
In the same room leave a rug or bath towel (not a thin cloth, it must be thick) 


The textile must stay in place on the floor for several hours to ensure they are 
at thermal equilibrium (the same temperature) 


Stand with bare feet (hands can be used) 
Place one foot on the tiles or stone area, and the other on the textile (towel or 
rug) 
Observe the apparent temperature of the two materials as felt through the feet 
It will feel as though the tiles are cold while the rug is warm, however, they are 
at exactly the same temperature 
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THE RUG INSULATES 
©THE FOOT SO IT 
FEELS WARM 


HEAT ENERGY |S 
EASILY CONDUCTED = 
BY THE TILES 


Explanation 


Tiles and stone are good conductors of heat 
Where the foot touches the tiles, heat is transferred away from the foot, 
making it feel cold 
The foot has become colder since it lost heat to the tiles 
Textiles such as rugs are good insulators, meaning they are poor conductors of 
heat 
Where the foot touches the rug, heat is not transferred away from the foot 
This foot feels relatively warmer than the one which has lost heat to the tiles 
The foot has stayed at its starting temperature 


Comparing Conduction in Wood and Paper 
A cylindrical rod made of half wood and half metal is wrapped tightly in paper 
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HOLD ABOVE COOL 
BUNSEN FLAME 
AND ROTATE 


Using a gentle flame, and holding the rod clear of the top of the flame, gently heat 
the paper at the join of the wood and metal 
Turn the rod so that the paper is well-heated all around the circumference of 
the rod 
Stop when the paper is clearly discoloured 


Remove the rod from the flame, gently unwrap the paper and observe the burn 
pattern 
A distinct pattern is seen; 
Where the paper touched the metal surface it is undamaged 
Where the paper touched the wood surface it is charred 
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WOOD SIDE ‘METAL SIDE | 


Explanation 


Metal is a good conductor of heat 
Where the paper touched the metal, heat was transferred from the paper into 
the metal and along the length of the metal 
This prevented the paper getting hot 

Wood is a good insulator, meaning it is a poor conductor of heat 
Where the paper touched the wood, heat was not transferred from the paper 
This meant that the paper did get hot enough to start to burn 


Demonstrating Different Rates of Thermal Conduction in Metals 


A simple experiment to demonstrate the relative conducting properties of different 
materials can be carried out using apparatus similar to that shown in the diagram 
below 
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CONDUCTION 
RING 


e ALUMINIUM 


BALL 
BEARINGS 


BUNSEN | 
BURNER 


The above apparatus consists of 4 different metal strips of equal width and length 
arrange around an insulated circle 


Ball bearings can be stuck to each of the strips and equal distance from the centre, 
using a small amount of wax 

The strips should then be turned upside down and the centre heated gently using a 
candle, so that each of the strips is heated at the point where they meet 

When the heat is conducted along to the ball bearing, the wax will melt and the 
ball bearing will drop 

By timing how long this takes for each of the strips, their relative thermal 
conductivities can be determined 


Page 46 of 67 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


197/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


©) Exam Tip YOUR NOTES 
= With two of the demonstrations above (the rug & tiles and the rod made of l 

wood and metal) students often get confused, as the result may 'feel' as 

though it is the wrong way round. Think about the movement or transfer of 

the heat. 


The more heat is taken away, the cooler something will be. That is why the 
paper doesn't burn when it is next to the metal (although usually everyone 
guesses that it will!) 


The more heat is held in by a layer of insulation, the more heat remains, 
which is why rugs and carpets help your feet to feel warm. 
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2.3.2 Thermal Conduction YOUR n 


EXTENDED 


Conduction is the main method of thermal energy transfer in solids 
Conduction occurs when: 


Two solids of different temperatures come in contact with one another, 
thermal energy is transferred from the hotter object to the cooler object 


Metals are the best thermal conductors 
This is because they have a high number of free electrons 


, FASTER VIBRATING IONS COLLIDE 
WITH SLOWER VIBRATING IONS 


FREE ELECTRONS TRANSFER 
ENERGY THROUGH THE METAL 


SI PLT PI Fe, oF © 
P ned de Q 


aa NORA a 


ATOM ELECTRON | 


Conduction: the atoms ina solid vibrate and bump into each other 


Conduction can occur through two mechanisms: 
Atomic vibrations 
Free electron collisions 


When a substance is heated, the atoms, or ions, start to move around (vibrate) 
more 
The atoms at the hotter end of the solid will vibrate more than the atoms at 
the cooler end 
As they do so they bump into each other, transferring energy from atom to 
atom 
These collisions transfer internal energy until thermal equilibrium is achieved 
throughout the substance 
This occurs in all solids, metals and non-metals alike 


EXTENDED 


For thermal conduction to occur the particles need to be close together so that 
when they vibrate the vibrations are passed along 
This does not happen easily in fluids 

In liquids particles are close, but slide past each other 

In gases particles are widely spread apart and will not 'nudge' each other 
Both types of fluid, liquids and gases, are poor conductors of heat 
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EXTENDED 


Conductors tend to be metals 
Better thermal conductors are those with delocalised electrons which can 
easily transfer energy 
This means that there is a wide range of thermal conductivity 


BETTER CONDUCTORS BETTER INSULATORS 


Different materials have different rates of conductivity 
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2.3.3 Convection YOUR . 


Convection is the main way that heat travels through liquids and gases 
Convection only occurs in fluids 
Convection cannot happen in solids 


Density & Convection 


Descriptions of convection currents always need to refer to changes in temperature 
causing changes in density 


The temperature may fall or rise, both can create a convection current 
When a liquid (or gas) is heated (for example by a radiator near the floor): 
The molecules push each other apart, making the liquid/gas expand 
This makes the hot liquid/gas less dense than the surroundings 
The hot liquid/gas rises, and the cooler (surrounding) liquid/gas moves in to 
take its place 
Eventually the hot liquid/gas cools, contracts and sinks back down again 
The resulting motion is called a convection current 


== a 
C |! 


When a liquid or gas is heated, it becomes less dense and rises 


When a liquid (or gas) is cooled (for example by an A.C. unit high up on a wall): 
The molecules move together, making the liquid/gas contract 
This makes the hot liquid/gas more dense than the surroundings 
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The cold liquid/gas falls, so that warmer liquid or gas can move into the YOUR NOTES 
space created J 

The warmer liquid or gas gets cooled and also contracts and falls down 

The resulting motion is called a convection current 


Demonstrating Convection Currents 


A simple demonstration of convection in liquids involves taking a beaker of water 
and placing a few crystals of potassium permanganate in it, to one side, as shown 
in the diagram above 

When the water is heated at that side, the potassium permanganate will dissolve in 
the heated water and rise along with the warmed water, revealing the convection 
current 


Diagram showing an experiment with potassium permanganate to demonstrate 
convection 


©) Exam Tip 
> ifa question on heat mentions liquids or gases the answer will probably be 


about convection. 


Heat does not rise - it is the hot gases or liquids which rise due to the 
change in density when they were heated. 
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2.3.4 Radiation 


All objects give off thermal radiation 
The hotter an object is, the more thermal radiation it emits 
Thermal radiation is the part of the electromagnetic spectrum called infrared 
Thermal radiation is the only way in which heat can travel through a vacuum 
It is the way in which heat reaches us from the Sun through the vacuum of 
space 
The colour of an object affects how good it is at emitting and absorbing thermal 
radiation: 


EXTENDED 
Thermal Equilibrium 


As an object absorbs thermal radiation it will become hotter 

As it gets hotter it will also emit more thermal radiation 
The temperature of a body increases when the body absorbs radiation faster 
than it emits radiation 


Eventually, an object will reach a point of constant temperature where it is 
absorbing radiation at the same rate as it is emitting radiation 
At this point, the object will be in thermal equilibrium 


SL 


AAAA] ROR SOS OW 
PHOS aa ë ë O Ore 


Z N 


An object will remain at a constant temperature if it absorbs heat at the same rate as 
it loses heat 


If the rate at which an object receives energy is less than the rate at which it 
transfers energy away then the object will cool down 
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If the rate at which an object transfers energy away is less than the rate at which it 
receives energy then the object will heat up 


The process will always move towards thermal equilibrium 
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YOUR NOTES 


The amount of thermal radiation emitted by an object depends on a number of l 
factors: 

The surface colour of the object (black = more radiation) 

The texture of the surface (shiny surfaces = more radiation) 

The surface area of the object (greater surface area = more area for radiation 

to be emitted from) 


COLOUR ABSORBING EMITTING 


BLACK GOOD ABSORBER GOOD EMITTER 
DULL/DARK REASONABLE ABSORBER REASONABLE EMITTER 
WHITE POOR ABSORBER POOR EMITTER 


SHINY VERY POOR ABSORBER VERY POOR EMITTER 
(REFLECTS IT) 


Black objects are very good at absorbing thermal radiation, for example black 
clothes make you feel hotter in sunny weather 
Black objects are also very good at emitting thermal radiation, which is the 
reason that chargers for laptops, and radiators in cars are coloured black - it 
helps them to cool down 


Shiny objects reflect thermal radiation and so absorb very little 
They also emit very little, though, and so take longer to cool down 


LESILE CUBE ° 
o FILL WITH HOT WATER 
SHINY “SILVER? < © SHINY BLACK 


INFRA- 
RED a 
DETECTOR 


MATTE BLACK SANY EINER MATT BLACK ° 
(BEST EMITTER) (BEST REFLECTOR) 
HEATPROOF , ə MATT WHITE 


MAT 
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An image of a hot object taken in both Infrared and visible light. The black surface YOUR NOTES 
emits more thermal radiation (infrared) than the shiny surface J 
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2.3.5 The Greenhouse Effect 


If the Earth had no atmosphere, the temperature on the surface would drop to 
about —180 °C at night, the same as the Moon’s surface at night 
This would happen because the surface would be emitting all the radiation 
from the Sun into space 


The temperature of the Earth is affected by factors controlling the balance between 
incoming radiation and radiation emitted 
The Earth receives the majority of its heat in the form of thermal radiation from the 
Sun 
At the same time, the Earth emits its own thermal radiation, with a slightly 
longer wavelength than the thermal radiation it receives (the surface 
temperature of the Earth is significantly smaller than the surface temperature 
of the Sun) 


Some gases in the atmosphere, such as water vapour, methane, and carbon 
dioxide (greenhouse gases) absorb and reflect back longer-wavelength infrared 
radiation from the Earth and prevent it from escaping into space 

These gases absorb the radiation and then emit it back to the surface 


This process makes the Earth warmer than it would be if these gases were not in 


its atmosphere 
5 THERMAL RADIATION 
EMITTED BY THE EARTH 
5 THERMAL RADIATION 
FROM THE SUN 


THERMAL RADIATION 
© REFLECTED BY 
GREENHOUSE GASES 


The Earth receives thermal radiation from the Sun but emits its own thermal radiation 
at the same time 


The temperature of the Earth, therefore, depends on several factors, such as the 
rate that light and infrared radiation from the Sun are: 
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Reflected back into space YOUR NOTES 
Absorbed by the Earth’s atmosphere or by the Earth’s surface J 
Emitted from the Earth’s surface and from the Earth’s atmosphere into space 


The Greenhouse Effect 


The rate of absorption and emission of radiation on Earth contributes to the 
Greenhouse Effect 
This is the natural process that warms the Earth's surface from the Sun 


The Sun's thermal radiation reaches the Earth's atmosphere where: 
Some radiation is reflected back to space 
Any radiation not reflected is absorbed and re-radiated by greenhouse gases 


The absorbed radiation then warms the atmosphere and the surface of the Earth 
This is similar to what happens in a greenhouse to keep a humid, and warm 
temperature to grow plants 
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SOME EMITTED HEAT 
PASSES THROUGH THE 
ATMOSPHERE INTO SPACE 


SOME HEAT |S 
ABSORBED BY CARBON 
DIOXIDE, A GREENHOUSE 
GAS. HEAT IS RE-EMITTED 
IN ALL DIRECTIONS AND 
SOME BECOMES TRAPPED 
WITHIN THE EARTH’S 
ATMOSPHERE. THE EARTH 
BECOMES HOTTER AS 

A RESULT 


THE SUN’S RAYS 
ENTER THE EARTH'S e 
ATMOSPHERE 


ENERGY IS ABSORBED BY THE 
EARTH’S SURFACE AND RE-EMITTED 
AT LONGER WAVELENGTHS, SUCH AS 
INFRARED RADIATION (HEAT) 


OO eel 


(Ø save my exams 
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2.3.6 Investigating IR Radiation 


Aims of the Experiment 


The aim of the experiment is to investigate how the amount of infrared radiation 
absorbed or radiated by a surface depends on the nature of that surface 


Variables: 


Independent variable = Colour 

Dependent variable = Temperature 

Control variables: 
Identical flasks (except for their colour) 
Same amounts of hot water 
Same starting temperature of the water 
Same time interval 


Equipment List 


Equipment Purpose 


4 Thermometers To measure the temperature of the water 


Flasks painted different colours | To investigate the heat Loss of the different colours 
(black, dull grey, white, silver) 


Heatproof mat To protect the surface and to prevent heat loss from 
the bottom of the flask 
Stopwatch Torecord the time it takes for water to cool 


Resolution of measuring equipment: 
Thermometer = 1°C 
Stopwatch = 0.01 s 


Method 
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1. Set up the four identical flasks painted black, grey, white and silver 

2. Fill the flasks with hot water, ensuring the measurements start from the same 
initial temperature 

3. Note the starting temperature, then measure the temperatures at regular intervals 
e.g. every 30 seconds for 10 minutes 


Analysis of Results 


All warm objects emit thermal radiation in the form of infrared waves 
The intensity (and wavelength) of the emitted radiation depends on: 
The temperature of the body (hotter objects emit more thermal radiation) 
The surface area of the body (a larger surface area allows more radiation to be 
emitted) 
The colour of the surface 


Most of the heat lost from the beakers will be due to conduction and convection 
This will be the same for each beaker, as colour does not affect heat loss in 
this way 


Any difference in heat loss between the beakers must, therefore, be due to infrared 
(thermal) radiation 

To compare the rate of heat loss of each flask, plot a graph of temperature on the 
y-axis against time on the x-axis and draw curves of best fit 


The expected results are shown on the graph below: 
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COOLING CURVES 


Colour Good or bad emitter? 


Black Good 
(cools fastest) 

Dull grey Reasonable 
(second fastest) 


SILVER 
WHITE 


o TEMPERATURE /°C 


DULL GREY 
White Poor 
DAS (second slowest) 
O 2 4 6 8 40 
TIME (mins) Silver Very poor 
WA (cools slowest) 


An example table of results might look like this: 


TIME / mins | BLACK /°C | WHITE /°C | DULL GREY/°C | SILVER /°C 


Evaluating the Experiment 


Systematic Errors: 


Make sure the starting temperature of the water is the same for each material 
since this will cool very quickly 
It is best to do this experiment in pairs to coordinate starting the stopwatch 
and immersing the thermometer 


Use a data logger connected to a digital thermometer to get more accurate 
readings 
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Random Errors: YOUR NOTES 
Make sure the hole for the thermometer isn’t too big, otherwise the heat will J 


escape through the hole 
Take repeated readings for each coloured flask 
Read the values on the thermometer at eye level, to avoid parallax error 


Safety Considerations 


Keep water away from all electrical equipment 
Make sure not to touch the hot water directly 
Run any burns immediately under cold running water for at least 5 minutes 


Do not overfill the kettle 
Make sure all the equipment is in the middle of the desk, and not at the end to 


avoid knocking over the beakers 
Carry out the experiment only whilst standing, in order to react quickly to any 


spills 
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2.3.7 Consequences of Thermal Energy Transfer 


Conduction 


The main means of thermal energy transfer in solids 

When heated, atoms vibrate more, knocking into each other and transferring 
energy from atom to atom as a result 

Metals are excellent conductors; Non-metals are poor; Liquids and gases are very 
poor 

If a question mentions metals, the answer will probably have something to do with 
conduction 

Trapped air is a very good insulator of heat. Air is a gas and so is a poor 
conductor. Trapping it prevents it from circulating and forming a convection 
current 


THE HOT COFFEE TRANSFERS 
HEAT TO THE COOL MUG 
WHICH HEATS IT UP 


, DIRECTION OF THERMAL 
ENERGY TRANSFER 


THE MUG BECOMES HOT AND HEAT 
IS TRANSFERRED TO THE COLD 
HANDS WHICH WARMS THEM UP 


Thermal energy is transferred from the hot coffee to the mug and to the cold hands 


The mechanism by which the thermal energy is transferred is by either conduction, 
convection or radiation 
In this case the diagram focuses on conduction 


Page 63 of 67 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


214/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


Convection YOUR NOTES 


The means of thermal energy transfer in liquids and gases l 
When heated, a gas will expand and become less dense. This causes it to rise (a 

convection current). Cooler (denser) gas falls, replacing the hot gas 

If a question refers to a liquid or gas (that isn’t trapped) then convection currents 

will probably form 

Heat sources placed at the bottom of things will generally create convection 

currents. Likewise, cooling units placed high up will cool any rising air, causing it 

to sink again 


STEAM RISES AWAY FROM 
THE COFFEE THROUGH THE 
PROCESS OF CONVECTION 


Thermal energy is transferred from the hot coffee to the air by convection currents 
rising from the surface 


The mechanism by which the thermal energy is transferred is by either conduction, 
convection or radiation 
In this case the diagram focuses on convection 
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EXTENDED 


In real situations there is very rarely only one form of energy transfer 
Usually all three happen at once 


In the diagram below a more complex - and more 'real' - version of the situation 
above is shown 
Thermal energy is transferred from hotter areas (the tea) to cooler areas (the cup, 
hands and air) by the processes of: 
Conduction; by direct contact between the tea and the solid sides of the cup 
and also by direct contact from the cup to the surface it is sitting on 
Convection; from the surface of the coffee to the air directly above it 
Radiation; from the sides of the hot cup in all directions to the surrounding 
air 


STEAM RISES AWAY 
FROM THE TEA THROUGH 


THE TRPROCESS OF 
CONVECTION 


THERMAL RADIATION 
IS EMITTED FROM 

THE SURFACE OF ALL 
HOT OBJECTS 


HEAT IS LOST TO SURFACES 
IN CONTACT WITH THE MUG 
THROUGH THE PROCESS 

OF CONDUCTION 


Objects will always lose heat until they are in thermal equilibrium (same 
temperature) with their surroundings 
For example, a mug of hot tea will cool down until it reaches room 
temperature 
Eventually the room, tea and cup will all be at the same temperature 


Solar Panels & Heat Transfer 
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EXTENDED 


In many hot countries it is common for houses to produce hot water using solar 
panels 


CORFE (PIFES, 
CONTAINING WATER 


INSULATION e 


BLACK METAL 
SHEET 
Diagram showing a section through a solar panel 


© Worked Example 
© 


Explain the features of the solar panel that help it heat the water efficiently. 


Step 1: Describe how thermal radiation arrives at the water: 


The thermal radiation (infrared) is able to pass through the glass sheet 
The black metal backing sheet absorbs the thermal radiation (sunlight) 
Being metal (an excellent conductor) it then conducts it into the copper 
pipes 


The copper pipes (also metal) then conduct the heat into the water 


Step 2: Describe how the heat is trapped inside the solar panel (making it more 
efficient): 


The insulated material reduces the conduction of heat through the back of the 
panel, decreasing heat loss 
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The glass also traps air which is a good insulator YOUR NOTES 
This prevents heat loss by conduction from the front of the panel J 
It also prevents heat loss by convection (due to the air being trapped) 


©) Exam Tip 


” A common mistake made by candidates when explaining how an insulator 
keeps something warm is to state something along the lines of “The object 
warms up the insulator which then warms the object up”. 


Avoid giving this kind of answer! 
The real explanation is: 


The insulator contains trapped air, which is a poor conductor of heat 

Trapping the air also prevents it from transferring heat by convection 
This reduces the rate of heat loss from the object, meaning that it will 
stay warmer for longer 


Other things to watch out for: 


Heat does not rise (only hot gases or liquids rise) 
Shiny things do not reflect heat (they reflect thermal radiation) 
Black things do not absorb heat (they absorb thermal radiation) 


And remember, a good answer will often include references to more than 
one method of thermal energy transfer. 
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3.1 General Properties of Waves 


3.1.1 Features of Waves 


Waves - Basic 


e Waves transfer energy and information 

e Waves are described as oscillations or vibrations about a fixed point 
© For example, ripples cause particles of water to oscillate up and down 
o Sound waves cause particles of air to vibrate back and forth 


e In all cases, waves transfer energy without transferring matter 
o For water waves, this means it is the wave and not the water (the matter) itself 
that travels 
o For sound waves, this means it is the wave and not the air molecules (the 
matter) itself that travels 
Objects floating on water provide evidence that waves only transfer energy and not 
matter 


© Worked Example 


The diagram below shows a toy duck bobbing up and down on top of the 
surface of some water, as waves pass it underneath. 


Explain how the toy duck demonstrates that waves do not transfer matter. 


Step 1: Identify the type of wave 


o The type of wave on the surface of a body of water is a transverse wave 
o This is because the duck is moving perpendicular to the direction of the wave 


Step 2: Describe the motion of the toy duck 
o The plastic duck moves up and down but does not travel with the wave 
Step 3: Explain how this motion demonstrates that waves do not transfer matter 


o Both transverse and longitudinal waves transfer energy, but not the particles 
of the medium 
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o This means when a wave travels between two points, no matter actually travels 
with it, the points on the wave just vibrate back and forth about fixed positions 

o Objects floating on the water simply bob up and down when waves pass under 
them, demonstrating that there is no movement of matter in the direction of 
the wave, only energy 


Exam Tip 

There is a key distinction between the wave itself and the particles in the 
wave. The wave causes the particles to move, but the particles themselves 
are not the wave, since they are not transferring energy, which a wave does. 
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Wave Motion 


e Wave vibrations can be shown on ropes (transverse) and springs (longitudinal) 


VIBRATION IN ROPES 
WAVE TRAVEL PERPENDICULAR TO VIBRATION OF ROPE 


A “lass SS B 
VIBRATION 
OF ROPE 


VIBRATION IN SPRINGS 
WAVE TRAVEL PARALLEL TO THE VIBRATION OF COILS 


VIBRATION 
OF COILS 


Waves can be shown through vibrations in ropes or springs 


Demonstrating Wave Motion 


e Properties of waves, such as frequency, wavelength and wave speed, can be 
observed using water waves in a ripple tank 
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WOODEN BAR 
SUPPORTED BY = 
ELASTIC BANDS 


MU 


“fo WAVEFRONTS 


Wave motion of water waves may be demonstrated using a ripple tank 


e The wavelength of the waves can be determined by: 
o Using a ruler to measure the length of the screen 
o Dividing this distance by the number of wavefronts 


e The frequency can be determined by: 
o Timing how long it takes for a given number of waves to pass a particular 
point 
o Dividing the number of wavefronts by the time taken 


e The wave speed can then be determined by: 
o Using the equation wave speed = frequency x wavelength 
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Features of a Wave YOUR NOTES 


e When describing wave motion, there are several terms which are important to 1 
know, including: 

Crest (Peak) 

Trough 

Amplitude 

Wavelength 

Frequency 

Wave speed 

Wavefront 


o 


(0) 


o 


o 


a) 


o 


o 


Crests & Troughs 


e A crest, or a peak, is defined as: 
The highest point on a wave above the equilibrium, or rest, position 
e A trough is defined as 


The lowest point on a wave below the equilibrium, or rest, position 


CREST 


TROUGH 


Diagram showing a crest and a trough on a transverse wave 


Amplitude 
e Amplitude is defined as: 


The distance from the undisturbed position to the peak or trough of a wave 
e It is given the symbol A and is measured in metres (m) 
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e Amplitude is the maximum or minimum displacement from the undisturbed YOUR NOTES 
position J 
Wavelength 


e Wavelength is defined as: 
The distance from one point on the wave to the same point on the next wave 


e In a transverse wave: 
o The wavelength can be measured from one peak to the next peak 


e In a longitudinal wave 
o The wavelength can be measured from the centre of one compression to the 
centre of the next 


e The wavelength is given the symbol A (lambda) and is measured in metres (m) 
e The distance along a wave is typically put on the x-axis of a wave diagram 


WAVELENGTH (A) 


DISTANCE OF 
WAVE TRAVEL 


DISPLACEMENT (x) 


i 


AMPLITUDE (A) 


Diagram showing the amplitude and wavelength of a wave 


Frequency 


e Frequency is defined as: 
The number of waves passing a point in a second 
e Frequency is given the symbol fand is measured in Hertz (Hz) 


Wave Speed 


e Wave speed is the speed at which energy is transferred through a medium 
e Wave speed is defined as: 


The distance travelled by a wave each second 


e Wave speed is given the symbol, v, and is measured in metres per second (m/s), it 
can be calculated using: 


wave speed = frequency x wavelength 
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Wavefront 
e Wavefronts are a useful way of picturing waves from above: each wavefront is used 


to represent a single wave 
e The image below illustrates how wavefronts are visualised: 
o The arrow shows the direction the wave is moving and is sometimes called 


a ray 
o The space between each wavefront represents the wavelength 
o When the wavefronts are close together, this represents a wave with a short 


wavelength 
o When the wavefronts are far apart, this represents a wave with a long 


wavelength 
VIEWING WAVES FROM ABOVE 


WAVEFRONTS 


Diagram showing a wave moving to the right, drawn as a series of wavefronts 
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© Worked Example 

Small water waves are created in a ripple tank by a wooden bar. The 
wooden bar vibrates up and down hitting the surface of the water. The 
diagram below shows a cross-section of the ripple tank and water. 


RIPPLE TANK e 


NOT TO SCALE 


Identify the letter which shows: 


a) 

The amplitude of a water wave. 

b) 

The wavelength of the water wave. 


Part (a) 


Step 1: Recall the definition of amplitude 


o Amplitude = The distance from the undisturbed position to the peak or trough 


of a wave 
Step 2: Mark the undisturbed position on the wave 


o This is the centre of the wave 


UNDISTURBED POSITION! 


Step 3: Identify the arrow between the undisturbed position and a peak 


o The amplitude is shown by arrow D 
Part (b) 
Step 1: Recall the definition of wavelength 


o Wavelength = The distance from one point on the wave to the same point on 
the next wave 
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Step 2: Draw lines on each horizontal arrow YOUR NOTES 
o This helps to identify the points on the wave the arrows are referring to 4 
A C F 


AAMA 7 


Step 3: Identify the arrow between two of the same points on the wave 


o The wavelength is shown by arrow C 
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3.1.2 The Wave Equation YOUR n 


The Wave Equation 


e Wave speed is defined as: 
The distance travelled by a wave each second 


e Wave speed is given the symbol v and is measured in metres per second (m/s) 
e Wave speed is the speed at which energy is transferred through a medium 
e Transverse and longitudinal waves both obey the wave equation: 


WAVE SPEED = FREQUENCY x WAVELENGTH 
v=fxa 


e Where: 
o v= wave speed in metres per second (m/s) 


o f= frequency in Hertz (Hz) 
o A = wavelength in metres (m) 


e The wave speed equation may need to be rearranged, which can be done using this 
formula triangle: 
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© Worked Example 


A wave in a pond has a speed of 0.15 m/s and a time period of 2 seconds. 
Calculate: 


a) The frequency of the wave 


b) The wavelength of the wave 


Part (a) 
Step 1: List the known quantities 
o Time period, T=2 5s 


Step 2: Write out the equation relating time period and frequency 
T 1 
af 


Step 3: Rearrange for frequency, f, and calculate the answer 
f=1+T=1+2 


Frequency, f= 0.5 Hz 
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Part (b) YOUR NOTES 
l 


Step 1: List the known quantities 


o Wave speed, v = 0.15 m/s 
o Frequency, f= 0.5 Hz 


Step 2: Write out the wave speed equation 
v=fxÀ 


Step 3: Rearrange the equation to calculate the wavelength 


A=vif 
Step 4: Use the frequency you calculated in part (a) and put the values into the 
equation 
A=0.15 + 0.5 
Wavelength, A = 0.30 m 
©) Exam Tip 
w 


When stating equations make sure you use the right letters: 
For example, use À for wavelength, not L or W 
If you can’t remember the correct letters, then just state the word equations 


Be careful with units: wavelength is usually measured in metres and speed in 
m/s, but if the wavelength is given in cm you might have to give the speed 
in cm/s 


Likewise, watch out for frequency given in kHz: 1 kHz = 1000 Hz 
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3.1.3 Transverse & Longitudinal Waves 


Transverse Waves 


e Waves are repeated vibrations that transfer energy 
e Energy is transferred by parts of the wave knocking nearby parts 
o This is similar to the effect of people knocking into one another in a crowd, or 
a "Mexican Wave" at football matches 


e Waves can exist as one of two types: 
o Transverse 
o Longitudinal 


Transverse Waves 


e Transverse waves are defined as: 


Waves where the points along its length vibrate at 90 degrees to the 
direction of energy transfer 


e For a transverse wave: 
o The energy transfer is in the same direction as the wave motion 
o They transfer energy, but not the particles of the medium 
o Transverse waves can move in a liquid or solid, but not a gas 
o Some transverse waves (electromagnetic waves) can move in a vacuum 


e The point on the wave that is: 
o The highest above the rest position is called the peak, or crest 
o The lowest below the rest position is called the trough 


oWAVE PEAK 


VIBRATION AT 90° 
TO ENERGY 
TRANSFER 


WAVE MOTION 
AND ENERGY = 
TRANSFER 


Transverse waves can be seen ina rope when it is moved quickly up and down 


e Examples of transverse waves are: 
o Ripples on the surface of water 
o Vibrations in a guitar string 
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o S-waves (a type of seismic wave) YOUR NOTES 
o Electromagnetic waves (such as radio, light, X-rays etc) J 
Representing Transverse Waves 


e Transverse waves are drawn as a single continuous line, usually with a central line 
showing the undisturbed position 
e The curves are drawn so that they are perpendicular to the direction of energy 
transfer 
o These represent the peaks and troughs 


CREST 


TROUGH 


Transverse waves are represented as a continuous solid line 
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Longitudinal Waves 


e Longitudinal waves are defined as: 


Waves where the points along its length vibrate parallel to the direction of 
energy transfer 


e For a longitudinal wave: 
o The energy transfer is in the same direction as the wave motion 
o They transfer energy, but not the particles of the medium 
o They can move in solids, liquids and gases 
o They can not move in a vacuum (since there are no particles) 


e The key features of a longitudinal wave are where the points are: 
o Close together, called compressions 
o Spaced apart, called rarefactions 


WAVE MOTION 
AND ENERGY 
TRANSFER 


RAREFACTION2 


“<> 


— 
VIBRATION e COMPRESSION 


Longitudinal waves can be seen in a slinky spring when it is moved quickly 
backwards and forwards 


e Examples of longitudinal waves are: 
o Sound waves 
o P-waves (a type of seismic wave) 
o Pressure waves caused by repeated movements in a liquid or gas 


Representing Longitudinal Waves 
e Longitudinal waves are usually drawn as several lines to show that the wave is 
moving parallel to the direction of energy transfer 
o Drawing the lines closer together represents the compressions 
o Drawing the lines further apart represents the rarefactions 
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YOUR NOTES 


LONGITUDINAL WAVE J 


RAREFACTIONS 


COMPRESSION 


Longitudinal waves are represented as sets of lines with rarefactions and 
compressions 


Comparing Transverse & Longitudinal Waves 


e The different properties of transverse and longitudinal waves are shown in the 
table: 


Transverse Waves v Longitudinal Waves Table 


Property Transverse waves Longitudinal waves 


Peaks and Troughs Compressions and Rarefactions 
Vibration 90 degrees to direction of Parallel to direction of energy 
energy transfer transfer 
Vacuum Only electromagnetic waves | Cannot travel in a vacuum 
cdn travel in vacuum 


Material Can move in Liquids and solids, | Can move in gas, liquids and 
but not gases solids 
Constant density Changes in density 


Speed of wave | Dependant on material it is Dependant on material it is 
travelling in travelling in 
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The key difference between transverse and longitudinal waves is the 
direction of the vibrations with respect to the direction of the wave itself. For 
transverse waves, these are perpendicular to each other, whilst for 
longitudinal waves, these are parallel. 
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Reflection, Refraction & Diffraction 


e All waves, whether transverse or longitudinal, can be reflected, refracted and 
diffracted 


Reflection 


e Reflection occurs when: 


A wave hits a boundary between two media and does not pass through, but 
instead stays in the original medium 


e The law of reflection states: 
The angle of incidence = The angle of reflection 


e When waves hit an object, such as a barrier, they can be reflected: 


#savemy exams 


When waves reflect off a barrier, the angle of reflection, r, is equal to the angle of 
incidence, i 


Refraction 


e Refraction occurs when: 


A wave passes a boundary between two different transparent media and 
undergoes a change in direction 


e When waves enter a different medium, their speed can change 

e This effect is called refraction, and it can have two other effects: 
o The wavelength of the waves can increase or decrease 
o The waves can change direction 
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REFRACTED RAY YOUR NOTES 


l 


INCIDENT RAY 


Waves can change direction when moving between materials with different densities 


e If the waves slow down, the waves will bunch together, causing the wavelength to 
decrease 
o The waves will also start to turn slightly towards the normal 
e If the waves speed up then they will spread out, causing the wavelength to 
increase 
o The waves will also turn slightly away from the normal 


Diffraction 


e When waves pass through a narrow gap, the waves spread out 
e This effect is called diffraction 


pyright © Save My Exa 


Diffraction: when a wave passes through a narrow gap, it spreads out 
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YOUR NOTES 


©) Exam Tip l 


= When drawing waves being reflected take care to: 


e Make sure that the angle of incidence is equal to the angle of reflection 
e Keep the wavelength of the waves the same 


Similarly, when waves are diffracted the wavelength remains constant. 
Refraction is the only wave effect in which the wavelength changes. 
Remember: 


Refraction is the name given to the change in the speed of a wave when it 
passes from one medium to another. The change in direction is a 
consequence of this. 
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EXTENDED 


e Diffraction, as shown above, only generally happens when the gap is smaller than 


the wavelength of the wave 
e As the gap gets bigger, the effect gradually gets less pronounced until, in the case 
that the gap is very much larger than the wavelength, the waves no longer spread 


Im 


WAVELENGTH > GAP SIZE WAVELENGTH << GAP SIZE 


The size of the gap (compared to the wavelength) affects how much the waves spread 
out 


out at all 


e Diffraction can also occur when waves pass an edge 
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When a wave goes past the edge of a barrier, the waves can curve around the edge 
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3.1.5 Ripple Tank YOUR n 


Investigating Waves with a Ripple Tank 


e Ripple tanks are commonly used in experiments to demonstrate the following 
properties of water waves: 
o Reflection at a plane surface 
o Refraction due to a change in speed caused by a change in depth 
o Diffraction due to a gap 
o Diffraction due to an edge 


LIGHT SOURCE e 
SUPPORT = 


WOODEN BAR 
SUPPORTED BY = 
ELASTIC BANDS 


WY 


\. WAVEFRONTS 


Reflection, refraction and diffraction can be demonstrated using a ripple tank 


Investigating Reflection 
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e Reflection can be shown by the waves hitting a plane (straight) surface, suchas a YOUR NOTES 
wall or mirror J 
MIRROR 


INCIDENT REFLECTED 
RAY RAY 


Investigating Refraction 


e Refraction can be shown by placing a glass block in the tank 
o The glass block should sit below the surface of the water and cover only some 
of the tank floor 
e The depth of water becomes shallower here the glass block is placed 
o Since speed depends on depth, the ripples slow down when travelling over the 
block 
e This is a good model of refraction showing how waves slow down when entering a 
denser medium 


DEEP WATER SHALLOW WATER 


When water waves travel from deep areas to shallow areas they slow down 


Investigating Diffraction 


e Diffraction can be shown in a ripple tank by placing small barriers and obstacles in 
the tank 

e As the water waves encounter two obstacles with a gap between them, the waves 
can be seen to spread out as follows: 
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YOUR NOTES 
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Diffraction of water waves through a gap 


e As the water waves encounter the edge of an obstacle, the waves can be seen to 
spread out as follows: 


Diffraction of water waves after passing an edge 


The amount of diffraction depends on the size of the gap compared to the 
wavelength of the water wave 
The diagram below shows how the wavelengths differ with frequency in a ripple 
tank 

The higher the frequency of the motor, the shorter the wavelength 

The lower the frequency of the motor, the longer the wavelength 
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LOW FREQUENCY HIGH FREQUENCY J 


(meer MOTOR 


VIBRATING 


i banaanid 
Lh 


WAVELENGTH WAVELENGTH 


Ripple tank patterns for low and high frequency vibration 
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3.2 Light YOUR NOTES 
i 4 


3.2.1 Reflection of Light 


Angles are measured between the wave direction (ray) and a line at 90 degrees to 
the boundary 
The angle of the wave approaching the boundary is called the angle of 
incidence (i) 
The angle of the wave leaving the boundary is called the angle of reflection (r) 


The line at right angles (90°) to the boundary is known as the normal 


When drawing a ray diagram an arrow is used to show the direction the wave is 
travelling 

An incident ray has an arrow pointing towards the boundary 

A reflected ray has an arrow pointing away from the boundary 


The angles of incidence and reflection are usually labelled i and r respectively 


ANGLE OF 
INCIDENCE 


INCIDENT 
RAY 


ANGLE OF 
REFLECTION 


REFLECTED 
RAY 


A ray diagram for light reflecting at a boundary, showing the normal, angle of 
incidence and angle of reflection 
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YOUR NOTES 


The law of reflection states that these angles are the same: J 


Angle of incidence (i) = Angle of reflection (r) 


e BOUNDARY 


Reflection of a wave at a boundary, i = r 


Page 29 of 107 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_— 


247/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 
When an object is placed in front of a mirror, an image of that object can be seen J 
in the mirror 
The image will be: 
The same size as the object 
The same distance behind the mirror as the object is in front of it 
Directly in line with the object 


The formation of this image can be understood by drawing a ray diagram 


INCIDENT RAYS VIRTUAL RAYS _ ~~ 
a7” p 
- a 


REFLECTED RAYS 


Diagram showing the formation of an image ina mirror by the reflection of light 


Light from the object hits the mirror, reflecting from it (i=) 

To an observer, the reflected ray appears to have come from the right-hand side of 
the mirror 

The reflected ray can be traced back in this directions, forming a virtual ray 


This can be repeated for another ray travelling in a slightly different direction 

An image of the object will appear where these two virtual rays cross 

The type of image formed in the mirror is called a virtual image 

A virtual image is formed by the divergence of rays from the image, and cannot be 
projected onto a piece of paper (because the rays don’t actually go through the 
image) 
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©) Exam Tip YOUR NOTES 
” When drawing light waves being reflected take care to get the angle about l 
right. 


If they are slightly out it won’t be a problem, but if there is an obvious 
difference between the angle of incidence and the angle of reflection then 
you will probably lose a mark. 
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3.2.2 Investigating Reflection 


Aims of the Experiment 
To investigate reflection by a plane mirror 


Variables 


Independent variable = angle of incidence, i 
Dependent variable = angle of reflection, r 
Control variables: 

Distance of ray box from mirror 

Width of the light beam 

Same frequency / wavelength of the light 


Method 


LINE DRAWN 90° 
TO MIRROR 


PROTRACTORe 


Apparatus to investigate reflection 


. Set up the apparatus as shown in the diagram 

. In the middle of the paper use a ruler to mark a straight line of about 10 cm long 

. Use a protractor to draw a 90° line that bisects (cuts in half) the 10 cm line 

. Place the mirror on the first line as shown in the diagram above 

. Switch on the ray box and aim a beam of light at the point where the two drawn 
lines cross at an angle 

6. Use the pencil to mark two positions of the light beam: 

A point just after leaving the ray box 

The point on the reflected beam about 10 cm away from the mirror 


wm BWN 


7. Remove the ray box and mirror 
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8. Use a ruler to join the two marked positions to the point where the originally 


YOUR NOTES 
drawn lines crossed J 
9. Use the protractor to measure the two angles from the 90° line. The angle for the 
ray towards the mirror is the angle of incidence, and the other is the angle of 
reflection 


10. Repeat the experiment three times with the beam of light aimed at different angles 


An example of the data collection table is shown below: 


Angle of incidence,| Angle of reflection,r 


Analysis of Results 


The law of reflection states: 


i = angle of incidence in degrees (°) 
r = angle of reflection in degrees (°) 


If the experiment was carried out correctly, the angles should be the same, as 
shown below: 
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Law of reflection 


Evaluating the Experiment 


Systematic Errors: 


An error could occur if the 90° lines are drawn incorrectly 
Use a set square to draw perpendicular lines 


If the mirror is distorted, this could affect the reflection angle, so make sure there 
are little to no blemishes on it 


Random Errors: 


The points for the incoming and reflected beam may be inaccurately marked 
Use a sharpened pencil and mark in the middle of the beam 


The protractor resolution may make it difficult to read the angles accurately 
Use a protractor with a higher resolution 


Safety Considerations 


The ray box light could cause burns if touched 
Run burns under cold running water for at least five minute 


Looking directly into the light may damage the eyes 
Avoid looking directly at the light 
Stand behind the ray box during the experiment 


Keep all liquids away from the electrical equipment and paper 
Take care using the mirror 
Damages on the mirror can affect the outcome of the reflection experiment 
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3.2.3 Refraction of Light YOUR n 


When drawing refraction ray diagrams, angles are measured between the wave 
direction (ray) and a line at 90 degrees to the boundary 
The angle of the wave approaching the boundary is called the angle of 
incidence (i) 
The angle of the wave leaving the boundary is called the angle of refraction 


(r) 
The line at right angles (90°) to the boundary is known as the normal 


When drawing a ray diagram an arrow is used to show the direction the wave is 
travelling 

An incident ray has an arrow pointing towards the boundary 

A refracted ray has an arrow pointing away from the boundary 


The angles of incidence and refraction are usually labelled i and r respectively 


5 —t NORMAL 


INCIDENT 
WAVEFRONT S 


INCIDENT RAY 


y+ REFRACTED RAY 


A ray diagram for light refracting at a boundary, showing the normal, angle of 
incidence and angle of refraction 


Page 35 of 107 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


——_—— 


253/569 


Hsave my exams 


Head to savemyexams.co.uk for more awesome resources 


Refraction occurs when light passes a boundary between two different transparent 
media 
At the boundary, the rays of light undergo a change in direction 
The direction is taken as the angle from a hypothetical line called the normal 
This line is perpendicular to the surface of the boundaries and is usually 
represented by a straight dashed or dotted line 


The change in direction depends on which media the light rays pass between: 
From less dense to more dense (e.g air to glass), light bends towards the 


normal 
From more dense to less dense (e.g. glass to air), light bends away from the 


normal 
When passing along the normal (perpendicular) the light does not bend at all 


ANGLE OF _ 
clo: SN «|... -?a- 


NORMAL • ANGLE OF 
REFRACTION, r 


How to construct a ray diagram showing the refraction of light as it passes through a 


rectangular block 


The change in direction occurs due to the change in speed when travelling in 
different substances 


When light passes into a denser substance the rays will slow down, hence they 


bend towards the normal 


The only properties that change during refraction are speed and wavelength - the 
frequency of waves does not change 
Different frequencies account for different colours of light (red has a low 
frequency, whilst blue has a high frequency) 
When light refracts, it does not change colour (think of a pencil in a glass of 
water), therefore, the frequency does not change 
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YOUR NOTES 


© Worked Example l 


The diagram below shows two parallel rays of light entering and passing 
through prism A and prism C. 


Draw a third parallel ray entering and passing through prism B. 


Step 1: Draw a parallel ray on the left 


Step 2: Draw the refracted ray at the first surface 
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ae) [| 
[ma ———\ 


As the ray enters the block it bends towards the normal since it is going into 


a denser material 
In this case, the angle of refraction is smaller than the angle of incidence 


Step 3: Draw the refracted ray at the second surface 


As the ray leaves the block it bends away from the normal 
In this case, the angle of refraction is larger than the angle of incidence 


©) Exam Tip 


Practice drawing refraction diagrams as much as you can! It's very important 
to remember which way the light bends when it crosses a boundary: 


As the light enters the block it bends towards the normal line 
Remember: Enters Towards 
When it leaves the block it bends away from the normal line 


Remember: Leaves Away 
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YOUR NOTES 
Aim of the Experiment l 
To investigate the refraction of light using rectangular blocks, semi-circular blocks 
and triangular prisms 


Variables 


Independent variable = shape of the block 
Dependent variable = direction of refraction 
Control variables: 

Width of the light beam 

Same frequency / wavelength of the light 


Equipment List 


Equipment Purpose 


To provide a narrow beam of light to reflect in the mirror 
To measure the light beam angles 
Sheet of Paper To mark with Lines for angle measurement 


Pench = To mark perpendicular Line and dangle Lines on paper 
To draw Lines on paper 


Perspex blocks 
(rectangular block, 
semi-circular 
block & prism) 


To refract the Light beam 


Resolution of measuring equipment: 
Protractor = 1° 
Ruler = 1 mm 


Page 39 of 107 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


——_—— 


257/569 


Fsave my exams 


Head to savemyexams.co.uk for more awesome resources 


S 


Diagram showing a ray box alongside three different shaped glass blocks 


SHEET OF | 
PAPER 


GLASS 


Method 


RAY LEAVING 
PERSPEX BLOCK 


DRAWN PENCIL 


Apparatus to investigate refraction 


1. Place the glass block on a sheet of paper, and carefully draw around the 
rectangular perspex block using a pencil 
2. Switch on the ray box and direct a beam of light at the side face of the block 
3. Mark on the paper: 
A point on the ray close to the ray box 
The point where the ray enters the block 
The point where the ray exits the block 


A point on the exit light ray which is a distance of about 5 cm away from the 


block 
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4. Draw a dashed line normal (at right angles) to the outline of the block where the 
points are 

5. Remove the block and join the points marked with three straight lines 

6. Replace the block within its outline and repeat the above process for a ray striking 
the block at a different angle 

7. Repeat the procedure for each shape of perspex block (prism and semi-circular) 


Analysis of Results 


Compare the different refraction patterns for each block 


SEMI-CIRCULAR BLOCK RECTANGULAR BLOCK PRISM BLOCK 


1 NORMAL 5 
201 40°\20, 
[j 


INORMAL 


<i 
X 
ANGLES OF 
REFRACTION 
REFRACTION 


TOTAL 
INTERNAL 
REFLECTION 


NO REFRACTION 


= 
CRITICAL 
ANGLE 


Summary of the refraction patterns seen in different shaped blocks 


Angles jand rare always measured from the normal 
For light rays entering perspex block, the light ray refracts towards the central 
line: 


i>r 


For light rays exiting the perspex block, the light ray refracts away from the 
central line: 


i<r 


When the angle of incidence is 90° to the perspex block, the light ray does not 
refract, it passes straight through the block: 


i=r 


Evaluating the Experiment 


Systematic Errors: 
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An error could occur if the 90° lines are drawn incorrectly 
Use a set square to draw perpendicular lines 


Random Errors: 


The points for the incoming and reflected beam may be inaccurately marked 
Use a sharpened pencil and mark in the middle of the beam 


The protractor resolution may make it difficult to read the angles accurately 
Use a protractor with a higher resolution 


Safety Considerations 


The ray box light could cause burns if touched 
Run burns under cold running water for at least five minute 


Looking directly into the light may damage the eyes 
Avoid looking directly at the light 
Stand behind the ray box during the experiment 


Keep all liquids away from the electrical equipment and paper 


©) Exam Tip 


" in your examination, you might be asked to write a method explaining how 


you might investigate the refraction of light through different shaped blocks 


As part of this method you should describe: 


What equipment you need 

How you will use the equipment 

How you will trace the rays of light before, while and after they pass 
through the block 
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3.2.4 Snell's Law YOUR . 


The refractive index is a number which is related to the speed of light in the 
material (which is always less than the speed of light in a vacuum): 


SPEED OF LIGHT IN VACUUM 


REFRACTIVE INDEX, n = “SPEED OF LIGHT IN MATERIAL 


The refractive index is a number that is always larger than 1 and is different for 
different materials 
Objects which are more optically dense have a higher refractive index, eg. nis 
about 2.4 for diamond 
Objects which are less optically dense have a lower refractive index, eg. nis 
about 1.5 for glass 


Since refractive index is a ratio, it has no units 
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When light enters a denser medium (such as glass) it slows down and bends 
towards the normal 
How much the light bends depends on the density of the material 


ANGLE OF _ 
lol > SN 0 060—”—“‘( ‘ll 


NORMAL « ANGLE OF 
REFRACTION, r 


Angle of incidence i and angle of refraction r through a glass block 


If light travels from a less dense to a more dense medium (e.g. air to glass), r < i 
(bends towards the normal) 

If light travels from a more dense to a less dense medium (e.g. glass to air), r> i 
(bends away from the normal) 


The angles of incidence and refraction are related by an equation known as Snell's 


Law: 
_ sini 
sinr 
Where: 


n = the refractive index of the material 
i= angle of incidence of the light (°) 
r = angle of refraction of the light (°) 


‘Sin’ is the trigonometric function ‘sine’ which is on a scientific calculator 


This equation can be rearranged with the help of the formula triangle: 
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ANGLE OF 
INCIDENCE 
(Sin i) 


ANGLE OF 
REFRACTION 
(Sin r) 


REFRACTIVE 
INDEX (n) 


Snell's law formula triangle 


© Worked Example 


A ray of light enters a glass block of refractive index 1.53 making an angle 
of 15° with the normal before entering the block. 


Calculate the angle it makes with the normal after it enters the glass block. 


Step 1: List the known quantities 


Refractive index of glass, n = 1.53 
Angle of incidence, i = 15° 


Step 2: Write the equation for Snell's Law 


_ sin (i) 


aren (r) 


Step 3: Rearrange the equation and calculate sin (r) 


Page 45 of 107 


© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


263/569 


Combined By NESRINE 


YOUR NOTES 
l 


Fsave myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


; sin (i) YOUR NOTES 
sin (r) = —— 
l 
in (r) = zania t153 = 0.1692 
sin (r) = 153 7°: 


Step 4: Find the angle of refraction (r) by using the inverse sin function 


r = sin+ (0.1692) = 9.7 = 10° 


©) Exam Tip 
E Important: (sin // sin A is not the same as (i / rì). Incorrectly cancelling the 
sin terms is a very common mistake! 


When calculating the value of jor r start by calculating the value of sin jor 
sin r. 


You can then use the inverse sin function (sin-! on most calculators by 
pressing ‘shift’ then 'sine’ to find the angle. 


One way to remember which way around jand rare in the fraction is 
remembering that 'i' comes before 'r' in the alphabet, and therefore is on the 
top of the fraction (whilst ris on the bottom). 
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3.2.5 Total Internal Reflection YOUR n 


Sometimes, when light is moving from a denser medium towards a less dense one, 
instead of being refracted, all of the light is reflected 
This phenomenon is called total internal reflection 


Total internal reflection (TIR) occurs when: 


The angle of incidence is greater than the critical angle and the incident 
material is denser than the second material 


Therefore, the two conditions for total internal reflection are: 
The angle of incidence > the critical angle 
The incident material is denser than the second material 


1 
ANGLE TOTAL JNTERNAL 
REFLECTION 
1 


AIR (LESS 
DENSE) 


! 
! 
i 
© i 
, 
! 
I 
! 


i< & i=0, ae 


Critical angle and total internal reflection 


Total internal reflection is utilised in: 
Optical fibres e.g. endoscopes 
Prisms e.g. periscopes 


Prisms 


Prisms are used in a variety of optical instruments, including: 
Periscopes 
Binoculars 
Telescopes 
Cameras 


A periscope is a device that can be used to see over tall objects 
It consists of two right-angled prisms 
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A | A PERISCOPE | YOUR NOTES 
l 
Reflection of light through a periscope 


The light totally internally reflects in both prisms 


[REFLECTION BY RIGHT ANGLED PRISMS | BY RIGHT ANGLED PRISMS 


D F, 


SINGLE REFLECTION DOUBLE REFLECTION 
(90 DEGREES) (180 DEGREES) 


Single and double reflection through right-angled prisms 


Page 48 of 107 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_—— 


266/569 


©) Exam Tip 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 
l 


If asked to name the phenomena make sure you give the whole name - total 
internal reflection 


Remember: total internal reflection occurs when light travels from a denser 
material to less dense material and ALL of the light is reflected. 


If asked to give an example of a use of total internal reflection, first state the 
name of the object that causes the reflection (e.g. a right-angled prism) and 
then name the device in which it is used (e.g. a periscope) 
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As the angle of incidence is increased, the angle of refraction also increases until 
it gets closer to 90° 


When the angle of refraction is exactly 90° the light is refracted along the 
boundary 


At this point, the angle of incidence is known as the critical angle c 


j<c 


REFRACTION THE CRITICAL ANGLE TOTAL INTERNAL REFLECTION 


As the angle of incidence increases it will eventually surplus the critical angle and 
lead to total internal reflection of the light 


When the angle of incidence is larger than the critical angle, the refracted ray is 
now reflected 


This is total internal reflection 
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© Worked Example YOUR ~ 
e 


A glass cube is held in contact with a liquid and a light ray is directed ata 
vertical face of the cube.The angle of incidence at the vertical face is 39° 
and the angle of refraction is 25° as shown in the diagram.The light ray is 
totally internally reflected for the first time at X. 


AIR GLASS CUBE 


NORMAL LINE 


LIQUID x 


Complete the diagram to show the path of the ray beyond X to the air and 
calculate the critical angle for the glass-liquid boundary. 


GLASS CUBE 


NORMAL LINE 


LIQUID x 


Step 1: Draw the reflected angle at the glass-liquid boundary 


When a light ray is reflected, the angle of incidence = angle of reflection 
Therefore, the angle of incidence (or reflection) is 90° - 25° = 65° 


Step 2: Draw the refracted angle at the glass-air boundary 


At the glass-air boundary, the light ray refracts away from the normal 
Due to the reflection, the light rays are symmetrical to the other side 


Step 3: Calculate the critical angle 
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The question states the ray is “totally internally reflected for the first time” YOUR NOTES 
meaning that this is the lowest angle at which TIR occurs J 


Therefore, 65° is the critical angle 


©) Exam Tip 

> if you are asked to explain what is meant by the critical angle in an exam, 
you can be sure to gain full marks by drawing and labelling the same 
diagram above (showing the three semi-circular blocks) 
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EXTENDED 


The critical angle, c, of a material is related to its refractive index, n 
The relationship between the two quantities is given by the equation: 


: 4 
SIN C = n 


This can also be rearranged to calculate the refractive index, n: 


This equation shows that: 
The larger the refractive index of a material, the smaller the critical angle 
Light rays inside a material with a high refractive index are more likely to be 
totally internally reflected 


© Worked Example 


(J . fe 4 
Opals and diamonds are transparent stones used in jewellery. Jewellers 


shape the stones so that light is reflected inside.Compare the critical angles 
of opal and diamond and explain which stone would appear to sparkle 
more. 


The refractive index of opal is about 1.5 


The refractive index of diamond is about 2.4 


Step 1: List the known quantities 


Refractive index of opal, no = 1.5 
Refractive index of diamond, ng = 2.4 


Step 2: Write out the equation relating critical angle and refractive index 


Step 3: Calculate the critical angle of opal (co) 


sin(Co) = 1 + 1.5 = 0.6667 
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Co = sin"! (0.6667) = 41.8 = 42° YOUR NOTES 
Step 4: Calculate the critical angle of diamond (cg) l 
sin(cg) = 1 + 2.4 = 0.4167 
cq = sin (0.4167) = 24.6 = 25° 
Step 5: Compare the two values and write a conclusion 


Total internal reflection occurs when the angle of incidence of light is larger 
than the critical angle (i>c) 

In opal, total internal reflection will occur for angles of incidence between 42° 
and 90° 

The critical angle of diamond is lower than the critical angle of opal (Co>Ca) 
This means light rays will be totally internally reflected in diamond over a 
larger range of angles (25° to 90°) 

Therefore, more total internal reflection will occur in diamond hence it will 
appear to sparkle more than the opal 


©) Exam Tip 


When calculating the value of the critical angle using the above equation: 


First use the refractive index, n, to find sin(d 
Then use the inverse sin function (sin~) to find the value of c 
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YOUR NOTES 
EXTENDED J 


Total internal reflection is used to reflect light along optical fibres, meaning they 
can be used for 


Communications 

Endoscopes 

Decorative lamps 

Safety reflectors on bicycles, cars and roads 


Light travelling down an optical fibre is totally internally reflected each time it hits 
the edge of the fibre 


Optical fibres utilise total internal reflection for communications 


Optical fibres are also used in medicine in order to see within the human body 
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EYEPIECE LENS ° OBJECTIVE LENS $ 


e REFLECTED LIGHT FROM OBJECT 


SGA 
K N o 
 UGHT FROM) T" cigres ; 
SOURCE SHEATH 
LIGHT FROM 
LIGHT SOURCE 


IMAGE IS VIEWED 
THROUGH EYEPIECE 
LENS 


Pn) 
<a 


IMAGE OF | 
OBJECT 


e OESOPHAGUS 
e STOMACH 


IMAGE OF STOMACH 
e LINING IS SEEN THROUGH 
AN OBJECTIVE LENS 


~ 


Endoscopes utilise total internal reflection to see inside a patient's body 
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3.2.6 Thin Lenses YOUR n 


Lens diagrams can be described using the following terms: 
Principal axis 
Principal focus, or focal point 
Focal length 


The principal axis is defined as: 
A line which passes through the centre of a lens 
The principle focus, or focal point, is defined as: 


The point at which rays of light travelling parallel to the principal axis 
intersect the principal axis and converge 


Focal length is defined as: 


The distance between the centre of the lens and the principle focus 
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A lens is a piece of equipment that forms an image by refracting light 
There are two types of lens: 

Converging 

Diverging 


Converging Lenses 


In a converging lens, parallel rays of light are brought to a focus 
This point is called the principal focus 


This lens is sometimes referred to as a convex lens 

The distance from the lens to the principal focus is called the focal length 
This depends on how curved the lens is 
The more curved the lens, the shorter the focal length 


The focal length is the distance from the lens to the principal focus 


Diverging Lenses 
In a diverging lens, parallel rays of light are made to diverge (spread out) froma 
point 
This lens is sometimes referred to as a concave lens 


The principal focus is now the point from which the rays appear to diverge from 
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PRINCIPAL 


FOCAL LENGTH e 


Parallel rays from a diverging lens appear to come from the principal focus 


Representing Lenses 


In diagrams, the following symbols are often used to represent each type of lens: 


CONVEX LENSES CONCAVE LENSES 


1 
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© Exam Tip YOUR ~ 


Make sure you remember the symbol for each type of lens, as you will be 
expected to draw these for ray diagrams in your exam! 


To remember which lens is converging or diverging, think of the following: 


Convex lens = Converging 
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3.2.7 Real & Virtual Images 


Images produced by lenses can be one of two types: 
A real image 
A virtual image 


Real Images 
A real image is defined as: 


An image that is formed when the light rays from an object converge and 
meet each other and can be projected onto a screen 


A real image is one produced by the convergence of light towards a focus 
Real images are always inverted 
Real images can be projected onto pieces of paper or screens 

An example of a real image is the image formed on a cinema screen 


REAL IMAGE 


A real image can be projected onto a screen 
Real images are where two solid lines cross in ray diagrams 


Virtual Images 


A virtual image is defined as: 


An image that is formed when the light rays from an object do not meet but 
appear to meet behind the lens and cannot be projected onto a screen 


A virtual image is formed by the divergence of light away from a point 

Virtual images are always upright 

Virtual images cannot be projected onto a piece of paper or a screen 
An example of a virtual image is a person's reflection in a mirror 
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VIRTUAL IMAGE 


A reflection in a mirror is an example of a virtual image 


Virtual images are where two dashed lines, or one dashed and one solid line 
crosses in ray diagrams 
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Lenses can be used to form images of objects placed in front of them 
The location (and nature) of the image can be found by drawing a ray diagram: 


a REAL 


IMAGE 


save my exams 


Diagram showing the formation of a real image by a lens 


1. Start by drawing a ray going from the top of the object through the centre of the 
lens. This ray will continue to travel in a straight line 

2. Next draw a ray going from the top of the object, travelling parallel to the axis to 
the lens. When this ray emerges from the lens it will travel directly towards the 
principal focus 

3. The image is found at the point where the above two rays meet 


The above diagram shows the image that is formed when the object is placed ata 
distance between one focal length (f) and two focal lengths (2f) from the lens 
In this case, the image is: 

Real 

Enlarged 

Inverted 


The following diagram shows what happens when the object is more distanced - 
further than twice the focal length (2f) from the lens: 
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Diagram showing the formation of a real image by a lens with the object at distance 


In this case the image is: 
Real 
Diminished (smaller) 
Inverted 


If the object is placed at exactly twice the focal length (2f) from the lens: 


Diagram showing the formation of a real image with the object at 2f 


In this case the image is: 
Real 
Same size as the object 
Inverted 
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YOUR NOTES 
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A converging lens will produce a real image of an object which is placed ata 
distance greater than the focal length from the lens 

If the object is placed closer to the lens than the focal length fthen a virtual image 
will be formed and the converging lens ray diagram will be drawn in the following 


way: 
EA 


Ao E 
S 4 
os. i 


1 
| 

! N 
VIRTUAL | | 
IMAGE 
1 
1 
1 


e FOCAL POINT 


A virtual image formed when the object is placed closer than the focal length 


1. Start by drawing a ray going from the top of the object through the centre of the 
lens. This ray will continue to travel in a straight line 

2. Draw a dashed line continuing this ray upwards 

3. Next draw a ray going from the top of the object, travelling parallel to the axis to 
the lens. When this ray emerges from the lens it will travel directly through the 
principal focus f 

4. Also, draw a dashed line continuing this ray upwards 

5. The image is the line drawn from the axis to the point where the two dashed lines 
meet 


In this case, the image is: 
Virtual: the light rays appear to meet when produced backwards 
Magnified: the image is larger than the object 
Upright: the image is formed on the same side of the principal axis 
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Diverging lenses can also be used to form images, although the images are always 
virtual in this case 

If an object is placed further from the lens than the focal length fthen a diverging 
lens ray diagram will be drawn in the following way: 


f 


FOCAL POINT VIRTUAL 
IMAGE 


Diverging lenses only produce virtual images 


1. Start by drawing a ray going from the top of the object through the centre of the 
lens. This ray will continue to travel in a straight line 

2. Next draw a ray going from the top of the object, travelling parallel to the axis to 
the lens. When this ray emerges from the lens it will travel directly upwards away 
from the axis 

3. Draw a dashed line continuing this ray downwards to the focal point, f 

4. The image is the line drawn from the axis to the point where the above two rays 
meet 


In this case, the image is: 
Virtual: the light rays appear to meet when produced backwards 
Diminished: the image is smaller than the object 
Upright: the image is formed on the same side of the principal axis 


Comparing Converging & Diverging Lenses 
The image produced by a converging lens can be either real or virtual 
This means the image can be inverted (real) or upright (virtual) 


The image produced by a diverging lens is always virtual 
This means the image will always be upright 


Page 66 of 107 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_— 


284/569 


Combined By NESRINE 


YOUR NOTES 
l 


save myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 


© Worked Example l 


An object is placed outside the focal point of a diverging lens. 


OBJECT F 


Complete the ray diagram by drawing where the image of this object will be 
seen. 


OBJECT F IMAGE 


Step 1: Draw a line from the top of the object through the middle of the lens 
The top of the image lies somewhere along this line 
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Step 2: Draw a line from the focal point through the top of the lens YOUR NOTES 


l 


The dashed line shows the continuation of the upwards arrow 
The top of the image is where the two lines cross 


©) Exam Tip 


The best way to remember these ray diagrams is to draw them and see the 
results for yourself. Remember to always use a ruler or a straight edge in the 
exam when drawing the rays to gain full marks and produce the most 
accurate drawings. 
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3.2.8 Uses of Lenses 


EXTENDED 


If the object is placed closer to the lens than the focal length, the emerging rays 
diverge and a real image is no longer formed 
When viewed from the right-hand side of the lens, the emerging rays appear to 
come from a point on the left 

This point can be found by extending the rays backwards (creating virtual rays) 
A virtual image will be seen at the point where these virtual rays cross 


VIRTUAL 
IMAGE 


@save myexams 


A virtual image is formed by the divergence of rays from a point 


In this case the image is: 
Virtual 
Enlarged 
Upright 


Using a lens in this way allows it to be used as a magnifying glass 
When using a magnifying glass, the lens should always be held close to the object 
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YOUR NOTES 
EXTENDED J 


Converging and diverging lenses are commonly used in glasses to correct defects 
of sight 

Converging lenses can be used to correct long-sighted vision 

Diverging lenses can be used to correct short-sighted vision 


Correcting Short-Sightedness 


People who are short-sighted have eyes that are ‘too large’ 
This means they cannot see things that are far away, and only see things that 
are close to them 


This is because the eye refracts the light and brings it to a focus before it reaches 
the retina 
In other words, the focus point is in front of the retina at the back of the eye 


This can be corrected by using a concave or a diverging lens 


Correcting Long-Sightedness 


People who are long-sighted have eyes that are 'too small’ 
This means they cannot clearly see things that are close, and can only clearly 
see things that are far away 


This is because the eye refracts the light rays and they are brought to a focus 
beyond the retina 
In other words, the focus point is behind the retina at the back of the eye 


This can be corrected by using a convex or converging lens 
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3.2.9 Dispersion of Light YOUR n 


White light is a mixture of all the colours of the spectrum 
Each colour has a different wavelength (and frequency), making up a very narrow 
part of the electromagnetic spectrum 
White light may be separated into all its colours by passing it through a prism 
This is done by refraction 
Violet light is refracted the most, whilst red light is refracted the least 
This splits up the colours to form a spectrum 


This process is similar to how a rainbow is created 


WHITE LIGHT SPECTRUM 


@savemyexams 


White light may be separated into all its colours by passing it through a prism 
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YOUR NOTES 
Visible light is defined as the range of wavelengths which are visible to humans J 
Visible light is the only part of the spectrum detectable by the human eye 
However, it only takes up 0.0035% of the whole electromagnetic spectrum 


In the natural world, many animals, such as birds, bees and certain fish, are able to 
perceive beyond visible light and can see infra-red and UV wavelengths of light 
The different colours of waves correspond to different wavelengths: 

Red has the longest wavelength (and the lowest frequency and energy) 

Violet has the shortest wavelength (and the highest frequency and energy) 


ROYGBIV 


The colours of the visible spectrum: red has the longest wavelength; violet has the 


shortest 
©) Exam Tip 
2 To remember the colours of the visible spectrum you could remember 
either: 


The name “Roy G. Biv” 
Or the saying “Richard Of York Gave Battle In Vain” 
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YOUR NOTES 
EXTENDED J 


Light is a transverse wave 

The different colours of light all have different wavelengths (and frequencies) 
Red has the longest wavelength 
Violet has the shortest wavelength 


Light of a single wavelength (a single colour), or single frequency, is known as 
monochromatic 


ferme] NS V\S\S VS 
omy] OV /)\ SS 
CIP AVAUAVAVAVAN 


Eva AV AUAVAVAUAUAUA 
[me] AAAI VVL 
[meer] AAVV 


The colours of the visible spectrum: red has the longest wavelength; violet has the 
shortest 


Page 73 of 107 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—————_— 


291/569 


Hsave my exams 


Head to savemyexams.co.uk for more awesome resources 


3.3 Electromagnetic Spectrum 


3.3.1 Electromagnetic Waves 


The electromagnetic spectrum is arranged in a specific order based on the 
wavelengths or frequencies 
The main groupings of the continuous electromagnetic (EM) spectrum are: 
Radio waves 
Microwaves 
Infrared 
Visible (red, orange, yellow, green, blue, indigo, violet) 
Ultraviolet 
X-rays 
Gamma rays 


This order is shown in the diagram below from longest wavelength (lowest 
frequency) to shortest wavelength (highest frequency) 


THE ELECTROMAGNETIC SPECTRUM 
HIGHER ENERGY 


SHORT WAVELENGTH 


LOWER ENERGY 
LONG WAVELENGTH 


LOW FREQUENCY HIGH FREQUENCY 


Visible light is just one small part of a much bigger spectrum: The electromagnetic 
spectrum 
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The higher the frequency, the higher the energy of the radiation 
Radiation with higher energy is: 
Highly ionising 
Harmful to cells and tissues causing cancer (e.g. UV, X-rays, Gamma rays) 


Radiation with lower energy is: 
Useful for communications 
Less harmful to humans 


©) Exam Tip 


” See if you can make up a mnemonic to help you remember the EM spectrum! 
One possibility is: 
Raging Martians Invaded Venus Using X-ray Guns 


The electromagnetic spectrum is usually given in order of decreasing 
wavelength and increasing frequency i.e. from radio waves to gamma 
waves 


Remember: 


Radios are big (long wavelength) 
Gamma rays are emitted from atoms which are very small (short 


wavelength) 


Electromagnetic waves are defined as: 


Transverse waves that transfer energy from the source of the waves to an 
absorber 


All electromagnetic waves share the following properties: 
They are all transverse 
They can all travel through a vacuum 
They all travel at the same speed in a vacuum 


The 7 types of electromagnetic waves together form a continuous spectrum 


EXTENDED 
The speed of electromagnetic waves in a vacuum is 
3.0 x 108 m/s 


This is approximately the same speed as electromagnetic waves in air 
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3.3.2 Uses of Electromagnetic Waves 


Electromagnetic waves have a variety of uses and applications 
The main ones are summarised in the table below: 


Wave 


Microwave 


Visible Light 


Applications of EM Waves Table 


Use 
o Communication (radio and TV) 


o Heating food 
e Communication (WiFi, mobile phones, satellites) 


o Remote controls 

o Fibre optic communication 

o Thermal imaging (medicine and industry) 
o Night vision 

o Heating or cooking things 

e Motion sensors (for security alarms) 

° Electrical heaters 

o Infrared cameras 


o Seeing and taking photographs/videos 
° Fibre optic communications 


o Security marking (fluorescence) 
° Fluorescent bulbs (energy efficient Lamps) 
o Getting a suntan 


o X—Ray images (medicine, airport security and industry) 


o Sterilising medical instruments 
oe Treating cancer 


A summary of the uses and dangers of different EM waves are summarised in the 


diagram below: 
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USE: USED FOR 
LONG -RANGE 
COMMUNICATIONS 


REASON: BECAUSE 
THEY CAN BE 
REFLECTED FROM 
THE EARTH'S 
ATMOSPHERE 


USE: SATELLITE 
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THE ELECTROMAGNETIC SPECTRUM 


SUMMARY OF USES AND DANGERS 


USE: OPTICAL FIBRE 
COMMUNICATION 


REASON: BECAUSE 
THEY CAN UNDERGO 
TOTAL INTERNAL 
REFLECTION 


USE: TAKING PHOTOS 


USE: FOR DETECTING 
SECURITY INK 


REASON: BECAUSE IT 
FLUORESCES WITH 
ULTRAVIOLET 
LIGHTING 


YOUR NOTES 
l 


USE: TO STERILISE 
MEDICAL TOOLS 


REASON: BECAUSE 
GAMMA KILLS 
BACTERIA 


USE: TO PHOTOGRAPH 


COMMUNICATIONS 


REASON: BECAUSE 
MICROWAVES CAN 
PENETRATE EARTH'S 
ATMOSPHERE 


AND VIDEOS 


REASON: CAMERAS 
ARE SET UP TO 
DETECT VISIBLE 
LIGHT 


BONES 


REASON: BECAUSE 
X-RAYS CAN 
PENETRATE SOFT 
TISSUES BUT NOT 
BONE 


Uses and dangers of the electromagnetic spectrum 


Radio Waves & Microwaves 


These two parts of the spectrum share a lot of similarities and applications 
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Their main uses concern wireless communication - in fact, many things that YOUR NOTES 
people often assume use radio waves actually use microwaves (e.g. WiFi, J 
radar, mobile phones, satellite communications) 


At very high intensities microwaves can also be used to heat things 
This is what happens in a microwave oven 


Infrared 


Infrared is emitted by warm objects and can be detected using special cameras 
(thermal imaging cameras). These can be used in industry, in research and also in 
medicine 
Many security cameras are capable of seeing slightly into the infrared part of the 
spectrum and this can be used to allow them to see in the dark 
Infrared lights are used to illuminate an area without being seen, which is then 
detected using the camera 
Remote controls also have small infrared LEDs that can send invisible signals to an 
infrared receiver on a device suchas a TV 
Infrared travels down fibre optic cables more efficiently than visible light, and so 
most fibre optic communication systems use infrared 


Visible 
Visible light is the only part of the electromagnetic spectrum that the human eye 
can see 
The human eye can detect wavelengths from 750 nanometres (red light) up to 380 
nanometres (violet light) 


Ultraviolet 


Ultraviolet is responsible for giving you a sun tan, which is your body’s way of 
protecting itself against the ultraviolet 
When certain substances are exposed to ultraviolet, they absorb it and re-emit it 
as visible light (making them glow) 
This process is known as fluorescence 
Fluorescence can be used to secretly mark things using special ink - in fact, 
most bank notes have invisible fluorescent markings on them 


Fluorescent light bulbs also use this principle to emit visible light 


X-rays 
The most obvious use of x-rays is in medicine 
X-rays are able to pass through most body tissues but are absorbed by the denser 
parts of the body, such as bones 
When exposed to x-rays, the bones absorb the x-rays, leaving a shadow which 
can be seen using a special x-ray detector or photographic film 


Gamma Rays 


Gamma rays are very dangerous and can be used to kill cells and living tissue 
This property can be utilised in both cancer detection and treatment 
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If these gamma rays are carefully aimed at cancerous tissue, they can be very 
effective at destroying the cancerous cells 


Gamma rays can also be used to sterilise food and medical equipment by killing 
off the bacteria 
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3.3.3 Dangers of Electromagnetic Waves YOUR o 


As the frequency of electromagnetic (EM) waves increases, so does the energy 
Beyond the visible part of the spectrum, the energy becomes large enough to 
ionise atoms 
As a result of this, the danger associated with EM waves increases along with the 
frequency 

The shorter the wavelength, the more ionising the radiation 

Although the intensity of a wave also plays a very important role 


THE ELECTROMAGNETIC SPECTRUM 


LONG WAVELENGTH SHORT WAVELENGTH 
LOW FREQUENCY HIGH FREQUENCY 


Ultraviolet, X-rays and gamma rays can all ionise atoms 


Because of ionisation, ultraviolet waves, X-rays and gamma rays can have 
hazardous effects on human body tissue 
The effects depend on the type of radiation and the size of the dose 


They can damage cells and cause mutations, making them cancerous 


In general, electromagnetic waves become more dangerous the shorter their 
wavelength 
For example, radio waves have no known harmful effects whilst gamma rays 
can cause cancer and are regarded as extremely dangerous 


The main risks associated with electromagnetic waves are summarised in the table 
below: 
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Dangers of EM Waves Table YOUR NOTES 
J 


Wave Danger 


Ultraviolet o Eye damage 
o Sunburn 
o Skin cancer 


X-rays o Kills cells 
o Mutations 
o Cancer 


Gamma Rays oe Kills cells 
o Mutations 
o Cancer 


A summary of the uses and dangers of different EM waves are summarised in the 
diagram below: 
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THE ELECTROMAGNETIC SPECTRUM 


SUMMARY OF USES AND DANGERS 


USE: OPTICAL FIBRE 
COMMUNICATION 


REASON: BECAUSE 
THEY CAN UNDERGO 
TOTAL INTERNAL 
REFLECTION 


USE: TAKING PHOTOS 


USE: FOR DETECTING 
SECURITY INK 


REASON: BECAUSE IT 
FLUORESCES WITH 
ULTRAVIOLET 
LIGHTING 


YOUR NOTES 
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USE: TO STERILISE 
MEDICAL TOOLS 


REASON: BECAUSE 
GAMMA KILLS 
BACTERIA 


USE: TO PHOTOGRAPH 


COMMUNICATIONS 


REASON: BECAUSE 
MICROWAVES CAN 
PENETRATE EARTH'S 
ATMOSPHERE 


AND VIDEOS 


REASON: CAMERAS 
ARE SET UP TO 
DETECT VISIBLE 
LIGHT 


BONES 


REASON: BECAUSE 
X-RAYS CAN 
PENETRATE SOFT 
TISSUES BUT NOT 
BONE 


Uses and dangers of the electromagnetic spectrum 


Microwaves 


Certain frequencies of microwaves are absorbed by water molecules 
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Since humans contain a lot of water, there is a risk of internal heating from 
microwaves 
This might worry some people, but microwaves used in everyday circumstances 
are proven to be safe 
Microwaves used for communications (including mobile phones) emit very 
small amounts of energy which are not known to cause any harm 
Microwave ovens, on the other hand, emit very large amounts of energy, 
however, that energy is prevented from escaping the oven by the metal walls 
and metal grid in the glass door 


Ultraviolet 


Ultraviolet is similar to visible light, except it is invisible to the human eye and 
carries a much higher energy 
If eyes are exposed to high levels of UV it can cause severe eye damage 
Good quality sunglasses will absorb ultraviolet, preventing it from entering the 
eyes 


Ultraviolet is ionising meaning it can kill cells or cause them to malfunction, 
resulting in premature ageing, and diseases such as skin cancer 
Sunscreen absorbs ultraviolet light, preventing it from damaging the skin 


X-rays & Gamma Rays 


X-rays and gamma rays are the most ionising types of EM waves 
They are able to penetrate the body and cause internal damage 
They can cause the mutation of genes and cause cancer 


Fortunately, the level of X-rays used in medicine is kept to minimum levels at 
which the risk is very low 
Doctors, however, will leave the room when taking X-rays in order to avoid 
unnecessary exposure to them 


People working with gamma rays have to take several precautions to minimise 
their exposure and are routinely tested to check their radiation dose levels 
For example, radiation badges are worn by medical professionals such as 
radiographers to measure the amount of radiation exposure in their body 
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Radiation badges are used by people working closely with radiation to monitor 
exposure 
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3.3.4 Communications YOUR NOTES 


l 


Geostationary and polar orbiting (low orbit) satellites are both used for 
communicating information 


GEOSTATIONARY ORBIT ¢ 


>POLAR ORBIT 


Geostationary and polar orbits around the Earth 


Geostationary Satellites 


Geostationary satellites orbit above the Earth’s equator 
The orbit of the satellite is 24 hours 
Has an orbit of 36 000 km above the Earth’s surface, much higher than polar 
satellites 


Used for radio and telecommunication broadcasting around the world due to 
its high orbit 


COMMUNICATION SIGNALS 
TO OTHER PARTS OF 
THE WORLD 


CIRCULAR ORBIT 
ə WITH A PERIOD 
OF 24 HOURS 


SATELLITE IN GEOSTATIONARY 
ə ORBIT DIRECTLY ABOVE THE 
EARTH’S EQUATOR 
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Some satellite phones and direct broadcast satellite television use geostationary YOUR NOTES 
satellites J 


Polar Satellites 


Polar, or low orbit, satellites orbit around the Earth’s north and south poles 
These orbit much lower than geostationary satellites, at around 200 km above sea 
level 
Used for monitoring the weather, military applications, and taking images of 
the Earth’s surface 
There is a much shorter time delay for signals compared to geostationary orbit 
signals 
The signals and images are much clearer due to the lower orbit 
However, there is limited use in any one orbit because more than one 
satellites are required for continuous operation 


COMMUNICATION SIGNALS 
TO OTHER PARTS OF 
THE WORLD 


CIRCULAR ORBIT 


> WITH A PERIOD 
OF 24 HOURS 


SATELLITE IN GEOSTATIONARY 
ə ORBIT DIRECTLY ABOVE THE 
EARTH’S EQUATOR 


Some satellite phones use low-orbit artificial satellites if a more detailed signal is 
required 
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YOUR NOTES 
EXTENDED J 


Many important systems of communications rely on long wave electromagnetic 
radiation, including: 
Mobile phones, wireless internet & satellite television (using microwaves) 
Bluetooth, terrestrial television signals & local radio stations (using radio 
waves) 
Optical fibres (using visible or infrared waves) 


Radio Waves 


Radio waves can be used to transmit signals over short distances 
Terrestrial (local) television signals, radio station transmissions and Bluetooth 
all work using radio waves 


Radio station signals are transmitted at a longer wavelength than terrestrial 
television signals 
In hilly areas it may be possible to receive radio signals but not receive terrestrial 
television signals 
This is because television signals are more prone to diffraction around the 
hills 


TV signals tend to have wavelengths of a couple of metres, so the TV signals are 
more likely to have wavelength similar to the size of the hill 
This leads to weakened signals because diffraction is most pronounced when 
the wavelength is of a similar size to the obstacle, or gap 


Bluetooth uses radio waves instead of wires or cables to transmit information 
between electronic devices, such as phones and speakers, over short distances 
Bluetooth signals tend to have shorter wavelengths than radio station or 
television signals 
This enables high rates of data transmission, but can only be used over a short 
distance (for example, within a household) 
This means they can pass through walls but the signal is significantly 
weakened on doing so 


Microwaves 


Microwaves can be used to transmit signals over large distances 
Microwaves are used to send signals to and from satellites 
Mobile phones, wireless internet, satellite (global) television and monitoring 
Earth systems (for example, weather forecasting) all utilise microwave 
communication 
As with radio waves, microwaves signals will be clearer if there are no obstacles in 
the way which may cause diffraction of the beam 
On the ground, mobile phone signals use a network of microwave transmitter 
masts to relay the signals on to the nearest mast to the receiving phone 
They cannot be spaced so far apart that, for example, hills or the curvature of 
the Earth diffract the beam 
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When microwaves are transmitted from a dish, the wavelength must be small 
compared to the dish diameter to reduce diffraction 
Also, the dish must be made of metal because metal reflects microwaves well 


Mobile phones and wireless internet use microwaves because microwaves are not 
refracted, reflected or absorbed by the atmosphere or ionosphere 
This means satellites can relay signals around the Earth enabling 24-hour-a- 
day communication all around the world 


Also, they can penetrate most walls and only require a short aerial for 
transmission and reception 


Optical Fibres 


Optical fibres (visible light or infrared) are used for cable television and high- 
speed broadband 
This is because glass is transparent to visible light and some infrared 
Also, visible light and short wavelength infrared can carry high rates of data 
due to their high frequency 


Optical fibres use visible light or infrared for transmitting cable television and high- 
speed broadband signals 


<={DIRECTION OF WAVES ,_[,LONG-WAVELENGHT 
WAVES (RADIO SIGNALS) 


LETTI M cit HTI 


SHORT -WAVELENGTH 
WAVES (TERRESTRIAL 
TELEVISION SIGNALS) 
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3.3.5 Digital & Analogue Signals YOUR n 


EXTENDED 


There are two types of signals: 
Analogue 
Digital 


Analogue signals vary continuously - they can take any value 


SIGNAL 
STRENGTH 


An analogue signal is continuously varying, taking any value 


A digital signal can only take one of two (discrete) states 
These are usually referred to as; 
1s and Os 
Highs and lows, or 
Ons and offs 
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SIGNAL 
STRENGTH 


A digital signal can only take one of two values - 0 or 1 


EXTENDED 


Sound waves that can be transmitted as a digital or analogue signal 


Signals for speech or music are made up of varying frequencies 
In order to make out the information clearly, the signal needs to be 
transmitted with as little interference as possible 


The signal goes is converted both before transmission and after being received 
Before transmission: the signal is converted from analogue to digital 
After being received: the signal is converted from digital to analogue 
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YOUR NOTES 
EXTENDED J 


An analogue signal consists of varying frequency or amplitude 


Examples of analogue technology include telephone transmission and some 
broadcasting 


A digital signal is generated and processed in two states: 
1 or O (high or low states respectively) 


e ANALOGUE 


Analogue v digital signal 


The key advantages of transmission of data in digital form compared to analogue 
are: 


The signal can be regenerated so there is minimal noise 
Due to accurate signal regeneration, the range of digital signals is larger than 
the range of analogue signals (they can cover larger distances) 


Digital signals enable an increased rate of transmission of data compared to 
analogue 


Extra data can be added so that the signal can be checked for errors 
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3.4.1 Sound Waves 


Sound waves are produced by vibrating sources 
When a sound wave comes into contact with a solid, those vibrations can be 
transferred to the solid 

For example, sound waves can cause a drinking glass to vibrate 

If the glass vibrates too much the movement causes the glass to shatter 


LONGITUDINAL WAVE 


#save my exams 


Sound waves are longitudinal: the molecules vibrate in the same direction as the 
energy transfer 


Sound waves require a medium to travel through 
This means that if there are no molecules, such as in a vacuum, then the 
sound can’t travel through it 
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YOUR NOTES 
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Longitudinal waves consist of compression and rarefactions: 
A compression is a region of higher density i.e. a place where the molecules 
are bunched together 
A rarefaction is a region of lower density i.e. a place where the molecules are 
spread out 


COMPRESSIONS 


RAREFACT IONS 


Sound is a longitudinal wave consisting of compressions and rarefactions - these are 
areas where the pressure of the air varies with the wave 


These compressions and rarefactions cause changes in pressure, which vary in 
time with the wave 
Therefore, sound is a type of pressure wave 


When the waves hit a solid, the variations in pressure cause the surface of the solid 
to vibrate in sync with the sound wave 
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When sound waves hit a solid, the fluctuating pressure causes the solid to vibrate 


©) Exam Tip 

” When describing compressions and rarefactions, make sure to use the 
correct terms. It is best to refer to them as regions of high and low densities 
of particles instead of the particles are more ‘bunched up' or ‘far apart’, as 
this is too vague and not very scientific! 
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3.4.2 Measuring the Speed of Sound YOUR o 


Sound waves travel at a speed of about 340 m/s in air at room temperature 
The higher the air temperature, the greater the speed of sound 


The speed of sound in air varies from 330 - 350 m/s 


EXTENDED 


Sound travels at different speeds in different mediums: 
Sound travels fastest in solids 
Sound travels slowest in gases 


The table below shows some typical speeds of sound in solids, liquids and gases: 


MEDIUM TYPICAL SPEED 
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There are several experiments that can be carried out to determine the speed of 
sound 
Three methods are described below 

The apparatus for each experiment is given in bold 


Method 1: Measuring Sound Between Two Points 


100m OR MORE 


save my exams 


Measuring the speed of sound directly between two points 


. Two people stand a distance of around 100 m apart 

. The distance between them is measured using a trundle wheel 

. One person has two wooden blocks, which they bang together above their head 

. The second person has a stopwatch which they start when they see the first 
person banging the blocks together and stops when they hear the sound 

5. This is then repeated several times and an average value is taken for the time 

6. The speed of sound can then be calculated using the equation: 


BR WN 


SPEED OF SOUND = AE TRAVELED BY SOUND 
TIME TAKEN 


Method 2: Using Echoes 
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Measuring the speed of sound using echoes 


1. A person stands about 50 m away from a wall (or cliff) using a trundle wheel to 
measure this distance 
2. The person claps two wooden blocks together and listens for the echo 
3. The person then starts to clap the blocks together repeatedly, in rhythm with the 
echoes 
4. A second person has a stopwatch and starts timing when they hear one of the 
claps and stops timing 20 claps later 
. The process is then repeated and an average time calculated 
. The distance travelled by the sound between each clap and echo will be (2 x 50) m 
. The total distance travelled by sound during the 20 claps will be (20 x 2 x 50) m 
. The speed of sound can be calculated from this distance and the time using the 
equation: 


ON ODUM 


SPEED OF SOUND = 2- DISTANCE TO THE WALL 


Method 3: Using an Oscilloscope 
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OSCILLOSCOPE ¢ 


m 


MICROPHONES 9 


[A FEW METRES 
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Measuring the speed of sound using an oscilloscope 


1. Two microphones are connected to an oscilloscope and placed about 5 m apart 
using a tape measure to measure the distance 

2. The oscilloscope is set up so that it triggers when the first microphone detects a 
sound, and the time base is adjusted so that the sound arriving at both 
microphones can be seen on the screen 

3. Two wooden blocks are used to make a large clap next to the first microphone 

4. The oscilloscope is then used to determine the time at which the clap reaches each 
microphone and the time difference between them 

5. This is repeated several times and an average time difference calculated 

6. The speed can then be calculated using the equation: 


DISTANCE BETWEEN MICROPHONES 


SPEED OF SOUND = 
TIME BETWEEN PEAKS 


Measuring Wave Speed in Water 


Ripples on water surfaces are used to model transverse waves 
The speed of these water waves can be measured 
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Creating ripples in water 


. Choose a calm flat water surface such as a lake or a swimming pool 

. Two people stand a few metres apart using a tape measure to measure this 

distance 

. One person counts down from three and then disturbs the water surface (using 
their hand, for example) to create a ripple 

. The second person then starts a stopwatch to time how long it takes for the first 
ripple to get to them 

. The experiment is then repeated 10 times and an average value for the time is 
calculated 

. The average time and distance can then be used to calculate the wave speed using 
the equation: 


DISTANCE MOVED 
TIME TAKEN 


AVERAGE SPEED = 
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©) Exam Tip l 


When you are answering questions about methods to measure waves, the 
question could ask you to comment on the accuracy of the measurements 


In the case of measuring the speed of sound: 
Method 3 is the most accurate because the timing is done 


automatically 
Method 1 is the least accurate because the time interval is very 


short 


Whilst this may not be too important when giving a method, you should be 
able to explain why each method is accurate or inaccurate and suggest ways 
of making them better (use bigger distances) 


For example, if a manual stopwatch is being used there could be 
variation in the time measured which can be up to 0.2 seconds due to a 


person's reaction time 

The time interval could be as little as 0.3 seconds for sound travelling in 
air 

This means that the variation due to the stopwatch readings has a big 
influence on the results and they may not be reliable 
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3.4.3 Effects of Sound Waves YOUR n 


The frequency of a sound wave is related to its pitch 
Sounds with a high pitch have a high frequency (or short wavelength) 
Sounds with a low pitch have a low frequency (or long wavelength) 


The amplitude of a sound wave is related to its volume 
Sounds with a large amplitude have a high volume 
Sounds with a small amplitude have a low volume 


SMALL AMPLITUDE LARGE AMPLITUDE 


LOW FREQUENCY HIGH FREQUENCY 


Pitch and amplitude of sound 
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Sound waves reflect off hard surfaces J 
The reflection of a sound wave is called an echo 


Echo sounding can be used to measure depth or to detect objects underwater 
A sound wave can be transmitted from the surface of the water 
The sound wave is reflected off the bottom of the ocean 


The time it takes for the sound wave to return is used to calculate the depth of the 
water 
The distance the wave travels is twice the depth of the ocean 

This is the distance to the ocean floor plus the distance for the wave to return 


REFLECTED EMITTED 
DEPTH SOUND WAVE | | SOUND WAVE 


Echo sounding is used to determine water depth 
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Humans can hear sounds between about 20 Hz and 20 000 Hz in frequency 
(although this range decreases with age) 


LOW FREQUENCY HIGH FREQUENCY 
AND PITCH AND PITCH 


(INFRASOUND) 


FREQUENCY 


2Hz 20 Hz 200 Hz 2000 Hz 20 000 Hz 200 000 Hz 


Humans can hear sounds between 20 and 20 000 Hz 


Ultrasound is the name given to sound waves with a frequency greater than 20 
000 Hz 
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When ultrasound reaches a boundary between two media, some of the waves are 
partially reflected 


The remainder of the waves continue through the material and are transmitted 
Ultrasound transducers are able to: 

Emit ultrasound 

Receive ultrasound 


The time taken for the reflections to reach a detector can be used to determine 
how far away a boundary is 


This is because ultrasound travels at different speeds through different media 


This is by using the speed, distance, time equation 


DISTANCE MOVED 
TIME TAKEN 


AVERAGE SPEED = 


Where: 
v = speed in metres per second (m/s) 
s = distance in metres (m) 
t = time in seconds (s) 


This allows ultrasound waves to be used for both medical and industrial imaging 


Ultrasound in Medicine 


In medicine, ultrasound can be used: 
To construct images of a foetus in the womb 
To generate 2D images of organs and other internal structures (as long as 
they are not surrounded by bone) 
As a medical treatment such as removing kidney stones 


An ultrasound detector is made up of a transducer that produces and detects a 
beam of ultrasound waves into the body 
The ultrasound waves are reflected back to the transducer by boundaries between 
tissues in the path of the beam 

For example, the boundary between fluid and soft tissue or tissue and bone 


When these echoes hit the transducer, they generate electrical signals that are sent 
to the ultrasound scanner 

Using the speed of sound and the time of each echo’s return, the detector 
calculates the distance from the transducer to the tissue boundary 

By taking a series of ultrasound measurements, sweeping across an area, the time 
measurements may be used to build up an image 

Unlike many other medical imaging techniques, ultrasound is non-invasive and is 
believed to be harmless 
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Ultrasound can be used to construct an image of a foetus in the womb 


Ultrasound in Industry 


In industry, ultrasound can be used to: 
Check for cracks inside metal objects 
Generate images beneath surfaces 


A crack in a metal block will cause some waves to reflect earlier than the rest, so 
will show up as pulses on an oscilloscope trace 
Each pulse represents each time the wave crosses a boundary 


The speed of the waves is constant, so measuring the time between emission and 
detection can allow the distance from the source to be calculated 
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TRANSMITTED PULSE + 


WAVE TRANSMITTER | 
AND DETECTOR 
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HIGH FREQUENCY 
SIGNAL GENERATOR e OSCILLOSCOPE 


Ultrasound is partially reflected at boundaries, so in a bolt with no internal cracks, 
there should only be two pulses (at the start and end of the bolt) 


© Worked Example 


@ 
0.000002 s 


e | sy Lit | | 
ne. Me 


e OSCILLOSCOPE 


In the diagram above, a very high-frequency sound wave is used to check 
for internal cracks in a large steel bolt. The oscilloscope trace shows that 
the bolt does have an internal crack. Each division on the oscilloscope 
represents a time of 0.000002 s. The speed of sound through steel is 6000 
m/s. 


Calculate the distance, in cm, from the head of the bolt to the internal 
crack. 


Step 1: List the known quantities 


Speed of ultrasound, v = 6000 m/s 
Time taken, t= 5 x 0.000002 = 0.00001 s 


Step 2: Write down the equation relating speed, distance and time 
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distance, d=vxt YOUR NOTES 


Step 3: Calculate the distance l 
d = 6000 x 0.00001 = 0.06 m 
Step 4: Convert the distance to cm 


d= 6 cm 
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4.4.9 Transformer Calculations YOUR NOTES 
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4.1 Simple Phenomena of Magnetism YOUR o 


4.1.1 Magnetism 


Magnetism 
What is a Magnet? 


e The ends of a magnet are called poles 
e Magnets have two poles: a north and a south 


SOUTH POLE | $ NORTH POLE 


Poles of a Magnet 


e Magnets are objects which experience attraction and repulsion 
o Like poles repel (push each other apart) 
= For example a north pole will repel a north pole and a south pole will 
repel a south pole 
o Unlike poles attract (move towards each other) 
= For example a north pole will be attracted to a south pole 


e When two magnets are held close together, there will be a force between the 
magnets: 


OPPOSITES ATTRACT LIKE POLES REPEL 


aac mo 


MAGNETIC MATERIALS (THAT AREN’T MAGNETS) 


ARE ATTRACTED TO EITHER POLE 


Opposite poles attract; like poles repel 


e Magnetised materials can both repel and attract 
o Magnetic materials (which are not magnets) will always be attracted to the 
magnet, regardless of which pole is held close to it 
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e Unmagnetised materials can be attracted to a magnet but will never experience YOUR NOTES 
repulsion J 
o A magnet can only repel another magnet (This can be a useful test fora 
magnet) 
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Uses of Magnets YOUR NOTES 
Uses of Permanent Magnets l 


e Permanent magnets are usually (but not always) made from steel 
o They tend to stay magnetised 


e Permanent magnets have many uses including 

o Compasses: for thousands of years humans have used compasses for 
navigation, since the needle always points north 

o School lab experiments; the magnets used in school science demonstrations 
are permanent magnets 

o Toys; toy trains and trucks often have magnets which attach the carriages or 
trailers to the engine or cab 

o Fridge magnets; these are made either of flexible magnetic material or by 
sticking a magnet to the back of something 


Uses of Electromagnets 


e Electromagnets use electricity to create a magnet from a current-carrying wire 
o They have the advantage that they can be magnetised and demagnetised, 
literally at the flick of a switch 
o They can be switched on and off 


e Electromagnets have many uses including 
o MRI scanners in hospitals; an MRI scanner is a large, cylindrical machine using 
powerful electromagnets to produce diagnostic images of the organs of the 
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Speakers and earphones; the loudspeakers, microphones and earphones used J 
in phones and laptops use electromagnets to sense or send soundwaves 

Recycling; because steel is a magnetic material it can be easily separated from 

other metals and materials using electromagnets. Once recovered the steel is 

re-used and recycled, reducing mining for iron ore and processing ore into 

steel 

Mag-Lev Trains; the ability of Mag-Lev trains to hover above the rails is due 

to them being repelled by large electromagnets on the train and track. This 

reduces friction and allows speeds of nearly 400 miles per hour 
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YOUR NOTES 


4.1.2 Magnets l 


Magnets 
Magnetic and Non-magnetic Materials 


MAGNETIC 


MATERIALS ARE 
ATTRACTED TO 


A MAGNET 


Q 
I, 
LA 


NON-MAGNETIC 


E MATERIALS ARE 
NOT ATTRACTED 
TO A MAGNET 


Magnetic materials are attracted to a magnet; non-magnetic materials are not 


LY 


e Very few metals in the Periodic Table are magnetic. These include: 
o Iron 
o Cobalt 
o Nickel 


e Steel is an alloy which contains iron, so it is also magnetic 
e Magnetic materials (which are not magnets) will always be attracted to the 
magnet, regardless of which pole is held close to it 


— > Aa ce 


Magnetic materials attracted to magnets 


e To test whether a material is a magnet it should be brought close to a known 
magnet 
o If it can be repelled by the known magnet then the material itself is a magnet 
o If it can only be attracted and not repelled then it is a magnetic material 


Types of Magnets 


e There are two types of magnets 
o Permanent magnets 
o Induced magnets 


Permanent Magnets 
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e Permanent magnets are made out of permanent magnetic materials, for example 
steel 
e A permanent magnet will produce its own magnetic field 
o It will not lose its magnetism 


Temporary (Induced) Magnets 


e When a magnetic material is placed in a magnetic field, the material can 
temporarily be turned into a magnet 
o This is called induced magnetism 


o Some objects such as paperclips or needles (which are made from steel) can 
be magnetised and will remain magnetic for a while 

o Other objects, such as electromagnets or transformers (which are made from 
iron) will be demagnetised as soon as the cause of the induced magnetism is 
removed 


e When magnetism is induced on a material: 
o One end of the material will become a north pole 
o The other end will become a south pole 


e Magnetic materials will always be attracted to a permanent magnet 
o This means that the end of the material closest to the magnet will have the 
opposite pole to magnets pole closest to the material 


MAGNETIC 
MATERIAL 


TEMPORARILY BECOMES | TEMPORARILY BECOMES 
A SOUTH POLE A NORTH POLE 


MAGNETIC 
MATERIAL 


TEMPORARILY BECOMES, TEMPORARILY BECOMES 
A NORTH POLE A SOUTH POLE 


Inducing magnetism in a magnetic material 
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e When the magnetic material is removed from the magnetic field it will lose YOUR NOTES 
most/all of its magnetism quickly J 


9 Worked Example 


o í 3 : 
The diagram below shows a magnet held close to a piece of metal that is 


suspended by a light cotton thread. The piece of metal is attracted towards 
the magnet. 


SUSPENDED PIECE 
OF METAL 


Which of the following rows in the table gives the correct type of pole at X 
and the correct material of the suspended piece of metal? 


Type of poleat X Material of suspended piece of metal 


ffs 
ef se Ai 


ANSWER: A 


© X must be a north pole 
= The piece of metal is being attracted towards the magnet 
= The law of magnetism states that opposite poles attract 


o The material of the suspended piece of metal is nickel 
= Nickel is a magnetic material (It will experience a force when it is placed in 
a magnetic field, in this case it is attracted towards the magnet) 


o B is incorrect because X cannot also be a south pole (and hence is a north 
pole) 
= If the pole at X was a south pole then the piece of metal would be repelled 
from the magnet because the law of magnetism states that like poles repel 


o C and D are incorrect because aluminium is not a magnetic material 
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=» A non-magnetic material would be unaffected by the magnetic field YOUR NOTES 
produced by the magnet. J 
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4.1.3 Magnetic Fields YOUR n 


Magnetic Fields 


e All magnets are surrounded by a magnetic field 
e A magnetic field is defined as: 


The region around a magnet where a force acts on another magnet or on a 
magnetic material (such as iron, steel, cobalt and nickel) 


e Two bar magnets can be used to produce a uniform magnetic field 
e Point opposite poles (north and south) of the two magnets a few centimetres apart 
e A uniform magnetic field will be produced in the gaps between opposite poles 

o Note: Outside that gap, the field will not be uniform 


A uniform field is created when two opposite poles are held close together. Magnetic 
fields are always directed from North to South 


e A uniform magnetic field is one that has the same strength and direction at all 
points 
o To show that the magnetic field has the same strength at all points there must 
be equal spacing between all magnetic field lines 
o To show that the magnetic field is acting in the same direction at all points 
there must be an arrow on each magnetic field line going from the north pole 
to the south pole 


e The magnetic field lines are the same distance apart between the gaps of the 
poles to indicate that the field strength is the same at every point between the 
poles 

e This field can be determined by using plotting compasses that will point from 
north to south or by using iron filings 


Magnetic Field Lines 
e Magnetic field lines are used to represent the strength and direction of a magnetic 
field 
e The direction of the magnetic field is shown using arrows 


e There are some rules which must be followed when drawing magnetic field lines. 
Magnetic field lines: 
o Always go from north to south (indicated by an arrow midway along the line) 
o Must never touch or cross other field lines 


Magnetic Field Around a Bar Magnet 
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e The magnetic field is strongest at the poles YOUR NOTES 
o This is where the magnetic field lines are closest together J 


e The magnetic field becomes weaker as the distance from the magnet increases 
e This is because the magnetic field lines are getting further apart 


The magnetic field around a bar magnet 
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Magnetic Field Strength 
EXTENDED 


e The strength of the magnetic field is shown by the spacing of the magnetic field 
lines 
o If the magnetic field lines are close together then the magnetic field will be 
strong 
o If the magnetic field lines are far apart then the magnetic field will be weak 


e Magnetic forces are due to interactions between magnetic fields 
o Two bar magnets can repel or attract 


e The field lines will look slightly different for each: 


TWO ATTRACTING BAR MAGNETS 


STRONG MAGNETIC FIELD ‘OPPOSITE POLES 
PUSHES THE POLES TOGETHER ATTRACT 


QV 


SUNIFORM FIELD 
TWO REPELLING BAR MAGNETS 


eLIKE POLES WILL REPEL 


N S 
Magnetic field lines for attracting and repelling bar magnets 


eNO FIELD HERE 
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e Therefore, the magnetic field lines around different configurations of two bar 
magnets would look like: 


= 
XX 


TEAN 
a 
ae, 
PEEN 
S 


S 


i 


Magnetic field lines between two bar magnets 


Exam Tip 


If you are asked to draw the magnetic field around a bar magnet remember 
to indicate both the direction of the magnetic field and the strength of the 
magnetic field.You can do this by: 


e Adding arrows pointing away from the north pole and towards the south 
pole 

e Making sure the magnetic field lines are further apart as the distance 
from the magnet increases 
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4.1.4 Plotting Magnetic Fields 


Plotting Magnetic Field Lines 


e In your IGCSE examination you might be asked to describe a method of plotting the 
magnetic field around a bar magnet 
e There are two principle ways of doing this: 


Using Iron Filings 
e Place a piece of paper on top of the magnet 
e Gently sprinkle iron filings on top of the paper 
e Now carefully tap the paper to allow the iron filings to settle on the field lines 
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Iron filings can be used to plot a magnetic field 


e Place the magnet on top of a piece of paper 

e Draw a dot at one end of the magnet (near its corner) 

e Place a plotting compass next to the dot, so that one end of the needle of the 
compass points towards the dot 

e Use a pencil to draw a new dot at the other side of the compass needle 

e Now move the compass so that it points towards the new dot, and repeat the above 
process 

e Keep repeating until you have a chain of dots going from one end of the magnet to 
the other. Then remove the compass, and link the dots using a smooth curve - the 
magnetic field line 

e The direction of the field line is the same as the direction of the plotting compass 

e You can now repeat the whole process several times to create several other 
magnetic field lines 
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Compasses can be used to plot the magnetic field around a bar magnet 
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4.2 Electrical Quantities 


4.2.1 Electric Fields & Charges 


Positive & Negative Charges 


e Objects can be given one of two types of electric charge: 
o Positive 
o Negative 


e When two charged objects are brought close together, there will be a force 
between those objects 


—@ ©- ©- 


@savemy exams 


Like charges repel; opposite charges attract 


e Remember: 
o Opposite charges attract 
o Like charges repel 


EXTENDED 


e Electric charge is measured in units called coulombs (C) 


©) Exam Tip 


Whilst electrostatic forces share many similarities with magnetic forces, they 
are different phenomena - take care not to confuse the two! 
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4.2.2 Demonstrating Electric Charges 


Demonstrating Electrostatic Charges 


e Electrostatic repulsion is caused by the force between charges 
o When these charges are the same as each other, they repel (push apart) 
e In simple experiments showing the production of electrostatic charges by friction, 
insulating solids such as plastics are given a charge 
o This is done using friction to transfer electrons from the surface 
e By removing electrons, which have negative charge, the insulator is left with a 
positive charge 


Method: 


e Suspend one of the insulating materials using a cradle and a length of string so 
that the material can rotate freely 
e Rub one end of the material using a cloth (in order to give it a charge) 
e Now take a second piece of insulating material and charge that by rubbing with a 
cloth 
e Hold the charged end of the second piece close to the charged end of the first 
piece: 
o If the first piece rotates away (is repelled) from the second piece then the 
materials have the same charge 
o If the first piece moved towards (is attracted to) the second piece then they 
have opposite charges 


©) Exam Tip 


F Experimental demonstrations, such as the one above, are different from 
experiments in which you have to take measurements. In the case of this 
demonstration your results are your observations. 


When describing a demonstration you should state a conclusion - in other 
words, explain what you expect to happen and what it means. 
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4.2.3 Electric Fields YOUR n 


Electric Fields (Extended) 
EXTENDED 


e A charged object creates an electric field around itself 
o This is similar to the way in which magnets create magnetic fields 


e This can be shown by electric field lines 
o Fields lines always point away from positive charges and towards negative 
charges 


#save my exams 


Electric fields are always directed away from positive charges and towards negative 
charges 


e The direction of the force lines in an electric field is described as: 


The direction of the force on a positive charge at that point 


eA J2 
È 
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Field lines show the direction that a positive charge would experience if it was at YOUR NOTES 
that point J 


e Although the definition of the force direction refers to a positive charge, in 


demonstrations it is always electrons (negative charges) which are free to move 
according to that force 


e The strength of an electric field depends on the distance from the object creating 
the field: 
o The field is strongest close to the charged object - this is shown by the field 
lines being closer together 
o The field becomes weaker further away from the charged object - this is 
shown by the field lines becoming further apart 
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Electric Field Patterns (Extended) 
EXTENDED 


e Objects in an electric field will experience an electric force 
o Since force is a vector, the direction of this force depends on whether the 
charges are the same or opposite 


e The force is either attractive or repulsive 
o If the charges are the same (negative and negative or positive and positive), 
this force will be repulsive and the second charged object will move away 
from the charge creating the field 
o If the charges are the opposite (negative and positive), this force will be 
attractive and the second charged object will move toward the charge 
creating the field 


ON 


Electric field lines show force direction and force strength 


e The size of the force depends on the strength of the field at that point 

e This means that the force becomes: 
o Stronger as the distance between the two charged objects decreases 
o Weaker as the distance between the two charged objects increases 


e The relationship between the strength of the force and the distance applies to both 
the force of attraction and force of repulsion 
o Two negative charges brought close together will have a stronger repulsive 
force than if they were far apart 


Field Lines Around a Point Charge 


e Electric charges create electric fields in the regions surrounding them, similar to 
the way in which magnets create magnetic fields 
o The electric field is the region in which another charge will experience a force 
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o Fields lines always go away from positive charges and towards negative YOUR NOTES 
charges - they have the same direction as the direction of the force ona J 
positively charged particle at a point in that field 


save my exams 


Electric fields are always directed away from positive charges and towards negative 
charges 


Field Lines Between Two Oppositely Charged Parallel Conducting Plates 


e Some simple field patterns that you ought to know: 
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The electric field between two parallel plates 


Field Lines Around a Charged Conducting Sphere 


e The field lines around a charge conducting sphere are symmetrical, as with a point 
charge 
o This is because the charges on the surface of the sphere will be evenly 
distributed 
o The charges are the same, so they repel 
o The surface is conducting, allowing them to move 
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DEMONSTRATION USING 
STREAMERS ATTACHED, 
TO A VAN DER GRAAF 
GENERATOR 


, FIELD LINES AROUND 
A CHARGED SPHERE 


e This field line pattern can be demonstrated using a Van der Graaff Generator 
e One method using streamers is shown 
e Other methods often demonstrated in schools include 

o Small pieces of paper 

o Polystyrene beads 

o Aluminium foil containers 
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4.2.4 Investigating Conductors & Insulators 


Conductors, Insulators & Electrons 


e The key difference between conductors and insulators is that: 
o Conductors allow charge carriers to freely move 
o Insulators do not allow charge carriers to move 

e The reasons for this are to do with their internal structure 


Conductors 


e A conductor is a material that allows charge (usually electrons) to flow through it 
easily 
e Examples of conductors are: 
o Silver 
o Copper 
o Aluminium 
o Steel 


e Conductors tend to be metals 


BETTER INSULATORS 


BETTER CONDUCTORS 


Different materials have different properties of conductivity 


e On the atomic scale, conductors are made up of positively charged metal ions with 
their outermost electrons delocalised 
o This means the electrons are free to move 


e Metals conduct electricity very well because: 
o Current is the rate of flow of charged particles 
o So, the more easily electrons are able to flow, the better the conductor 
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ELECTRONS FROM OUTER SHELL 
OF METAL ATOMS 


ELECTRONS ARE DELOCALISED; 
eTHEY ARE FREE TO MOVE 
THROUGHOUT THE STRUCTURE 


POSITIVELY CHARGED 
METAL IONS 


The lattice structure of a conductor with positive metal ions and delocalised 
electrons 


Insulators 


An insulator is a material that has no free charges, hence does not allow the flow 
of charge through them very easily 
Examples of insulators are: 

Rubber 

Plastic 

Glass 

Wood 


Some non-metals, such as wood, allow some charge to pass through them 
Although they are not very good at conducting, they do conduct a little in the form 
of static electricity 
For example, two insulators can build up charge on their surfaces. If those 
surfaces touch, this would allow that charge to be conducted away 
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The Gold-leaf Electroscope (GLE) 


To distinguish between conductors and insulators a Gold-leaf electroscope (GLE) 
can be used 


INSULATING | 
COLLAR 


METAL ROD 
® CONTINUES FROM 
PLATE TO LEAF 


GLASS SCREEN 
e PREVENTS 
DRAUGHTS 


The gold-leaf electroscope is a device used to demonstrate charge 


The GLE consists of 
A metal plate attached to one end of a metal rod 
At the other end of the rod a very thin leaf of gold foil is attached 
The rod is held by an insulating collar inside a box with glass sides, allowing 
the gold leaf to both be seen and protected from draughts 


When the GLE is charged, the plate, rod and gold leaf have the same charge (either 


positive or negative) 
Since the rod and leaf have the same charge, they repel, and the leaf sticks 
out to the side 
When the rod and leaf are discharged (are neutral) the leaf hangs down 


To Test Electrical Conductors and insulators 


Charge the plate of the GLE so that the gold leaf stands clear of the rod 
Carefully touch the plate of the GLE with the items being tested, for example: 
Metals, such as: wire, paperclip, scissor blades 
Non-metals, such as: paper, fingers, glass, graphite 
Plastics, such as: plastic ruler, the handles of the scissors, finger in a plastic 
sandwich bag 


Page 27 of 128 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_—— 


352/569 


Combined By NESRINE 


YOUR NOTES 
l 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


Comparisons, such as: wet cloth, dry cloth; finger and finger in a plastic YOUR NOTES 
sandwich bag J 


Record the observations each time 
Leaf falls: material is a good conductor 
Leaf remains in place: object is a poor conductor (good insulator) 
Leaf falls slowly: material is a poor conductor 


Alternative method 


An electronic charge detector can be used in place of the Gold-leaf Electroscope 


Expected Results 


Overall, metals are very good conductors whilst non-metals tend to be good 
insulators 


Conductors and Insulators Summary Table 


CONDUCTORS INSULATORS 


METALS PLASTICS 


GRAPHITE GLASS 
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The current is the amount of charge passing a point in a circuit every second 
(It is helpful to think of current as the charge per second) 


Charge, current and time are related by the following equation: 


CHARGE = CURRENT x TIME 


Q=Ixt 


Where the symbols: 


Q stands for charge (measured in coulombs, C) 
I stands for current (measured in amps, A) 


You can rearrange this equation with the help of the formula triangle: 


Use the formula triangle to help you rearrange the equation 
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When two oppositely charged conductors are connected together (by a length of 
wire), charge will flow between the two conductors 


Charge can flow between two conductors 


This flow of charge is called an electric current 
The greater the flow of charge, the greater the electric current 


Direct Current and Alternating Current 


Current can be direct current (dc) or alternating current (ac) 
In terms of calculations they can be treated in the same way 


DIRECT CURRENT (D.C.) 


ALTERNATING CURRENT (A.C) 


CURRENT CURRENT 
+ + 
TIME TIME 
(Ø save myexams 


Two graphs showing the variation of current with time for alternating current and 
direct current 
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Direct Current (dc) YOUR NOTES 


Direct current is produced when using dry cells and batteries (and sometimes 4 
generators, although these are usually ac) 

The electrons flow in one direction only, from the negative terminal to the 

positive terminal 


Alternating Current (ac) 


Alternating current typically comes from mains electricity and generators 

It is needed for use in transformers in the National Grid (covered later in this topic) 
The direction of electron flow changes direction regularly 
A typical frequency for the reversal of ac current in mains electricity is 50 Hz 
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YOUR NOTES 


Current is measured using an ammeter l 
Ammeters should always be connected in series with the part of the circuit you 
wish to measure the current through 

Ammeters measure the amount of charge passing through them per unit time, 

so the ammeter has to be in series so that all the charge flows through it 


An ammeter can be used to measure the current around a circuit 


Digital or Analogue? 


Ammeters can be either 
Digital (with an electronic read out) 
Analogue (with a needle and scale) 


Analogue Ammeters 


Typical ranges are 0.1-1.0 A and 1.0-5.0 A for analogue ammeters 
Always double check exactly where the marker is before an experiment, if not 
at zero, you will need to subtract this from all your measurements. They 
should be checked for zero errors before using 

They are also subject to parallax error 
Always read the meter from a position directly perpendicular to the scale 
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Digital Ammeters 


Digital ammeters can measure very small currents, in mA or pA 
Digital displays show the measured values as digits and are more accurate than 
analogue displays 
They’re easy to use because they give a specific value and are capable of 
displaying more precise values 
However digital displays may ‘flicker’ back and forth between values anda 
judgement must be made as to which to write down 
Digital ammeters should be checked for zero error 
Make sure the reading is zero before starting an experiment, or subtract the 
“zero” value from the end results 


Digital meter 
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In a metal, current is caused by a flow of electrons l 


m stectRons —> 


-ØE OG @G.Q@e:): 
| CDC U2.6 @ |. 


C) = METAL ION O = ELECTRON 
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In metals, the current is caused by a flow of free (delocalised) electrons 
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YOUR NOTES 
EXTENDED J 


Electrons are negatively charged 
This means that the electrons flow from negative to positive 
Conventional current, however, is still defined as going from positive to negative 


ELECT RON CONVENTIONAL 
FLOW CURRENT 


By definition, conventional current always goes from positive to negative (even 
though electrons go the other way) 
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4.2.6 Electromotive Force & Potential Difference 


The Electromotive Force (e.m.f.) is the name given to the potential difference of the 
power source in a circuit 
It is defined as 


The electrical work done by a source in moving a unit charge around a complete 
circuit 


The Electromotive Force (EMF) is measured in volts (V) 


12 V 


The EMF is the voltage supplied by a power supply: 12 V in the above case 
EXTENDED 


The definition of e.m.f. can also be expressed using an equation 


Where 
E = electromotive force (e.m.f.) (V) 
W = energy supplied to the charges from the power source (J) 
Q = charge on each charge carrier (C) 
In circuits the charge carriers are electrons 
This equation should be compared to the definition of potential difference (below) 
as the two are closely related 
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As charge flows around a circuit energy is transferred from the power source to the 
charge carriers, and then to the components 


This is what makes components such as bulbs light up 
The potential difference between two points in a circuit is related to the 


amount of energy transferred between those points in the circuit 
Potential difference is defined as 


The work done by a unit charge passing through a component 


Potential difference is measure in volts (V) 


EMF OF 
POWER SUPPLY 


P.D. ACROSS _ 


P.D. ACROSS 
BULB 


RESISTOR 


The potential difference is the difference in the electrical potential across each 
component: 5 volts for the bulb (on the left) and 7 volts for the resistor (on the right) 


EXTENDED 


The definition of p.d. can also be expressed using an equation 


Where 
V = potential difference (p.d.) (V) 
W = energy transferred to the components from the charge carriers (J) 
Q = charge on each charge carrier (C) 
In circuits the charge carriers are electrons 


This equation should be compared to the definition of e.m.f. as the two are closely 
related due to conservation of energy 
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Potential difference is measured using a voltmeter, which can be either 
Digital (with an electronic read out) 
Analogue (with a needle and scale) 
Voltmeters are connected in parallel with the component being tested 
The potential difference is the difference in electrical potential between two 


points, therefore the voltmeter has to be connected to two points in the 
circuit 


Analogue or Digital? 


Analogue voltmeters are subject to parallax error 
Always read the meter from a position directly perpendicular to the scale 


Typical ranges are 0.1-1.0 V and 0-5.0 A for analogue voltmeters although they 
can vary 
Always double check exactly where the marker is before an experiment, if not 
at zero, you will need to subtract this from all your measurements 
They should be checked for zero errors before using 


Voltmeters can be either analogue (with a scale and needle) or digital (with 
electronic read-out) 


Digital voltmeters can measure very small potential differences, in mV or pV 
Digital displays show the measured values as digits and are more accurate than 
analogue displays 
They’re easy to use because they give a specific value and are capable of 
displaying more precise values 
However digital displays may ‘flicker’ back and forth between values anda 
judgement must be made as to which to write down 
Digital voltmeters should be checked for zero error 
Make sure the reading is zero before starting an experiment, or subtract the 
“zero” value from the end results 


Page 39 of 128 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


364/569 


Fsavemyexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 
l 


Voltmeters are connected in parallel to the component being tested 


©) Exam Tip 
” When you are actually building a circuit in class, always save the voltmeter 
until last. 


Make the whole circuit first and check it works. 


Only then pick up the voltmeter. Connect two leads to your voltmeter. Now 
connect the leads so that they are one on each side of the component you 
are measuring. This will save you a LOT of time waiting for your teacher to 
troubleshoot your circuit! 
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4.2.7 Resistance 


Resistance is the opposition to current 
For a given potential difference, the higher the resistance, the lower the 


current 
Therefore resistors are used in circuits to control the current 


The unit of resistance is the ohm, represented by the Greek symbol omega Q 


Ohm's Law 
The definition of resistance can be given using the equation 
n V 
I 
Where 


R = resistance (ohms, Q) 
V = potential difference (volts, V) 
l= current (amperes, A) 


Ohm's Law can be stated in words: 


Current is directly proportional to potential difference as long as the temperature 
remains constant 
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RESISTANCE 
(R) 


Use the formula triangle to help you rearrange the equation 


Consequences of Ohm's Law 


Resistors are used in circuits to control either 
The current in branches of the circuit (through certain components) 
The potential difference across certain components 

This is due to the consequences of Ohm's Law 


The current in an electrical conductor decreases as its resistance increases (for 
a constant p.d.) 


The p.d. across an electrical conductor increases as its resistance increases 
(for a constant current) 
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4.2.8 Resistance of a Wire YOUR n 


As electrons pass through a wire, they collide with the metal ions in the wire 


m stectRons —> 


ga OO 09.9 'e:): 
@6.0:0 5.2.6 6). 


C) = METAL ION © = ELECT RON 
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Electrons collide with ions, which resist their flow 
The ions get in the way of the electrons, resisting their flow 


If the wire is longer, each electron will collide with more ions and so there will be 
more resistance: 


The longer a wire, the greater its resistance 


If the wire is thicker (greater diameter) there is more space for the electrons and so 
more electrons can flow: 


The thicker a wire, the smaller its resistance 
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YOUR NOTES 
EXTENDED J 


The relationship between resistance, length and cross-sectional area can be 
represented mathematically 


Resistance is directly proportional to length 


Re«L 
Resistance is inversely proportional to cross-sectional area (width, or 
thickness) 
p 1 
Bo 
A 


DOUBLING THE LENGTH OF A WIRE 
WILL DOUBLE THE RESISTANCE 


—!, 


DOUBLING THE CROSS-SECTIONAL AREA 
OF A WIRE WILL HALF THE RESISTANCE J) | 


The mathematical relationship between length and width of the wire and the 
resistance 


) 
—— S 


SS 
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4.2.9 Electrical Energy YOUR i 


Everyday appliances transfer electrical energy from the mains to other forms of 
energy in the appliance 
For example, in a heater, this will transfer electrical energy into a thermal 
energy store 


The amount of energy an appliance transfers depends on: 
How long the appliance is switched on for 
The power of the appliance 


A 1 kW iron uses the same amount of energy in 1 hour as a 2 kW iron would use in 
30 minutes 

A 100 W heater uses the same amount of energy in 30 hours as a 3000 W heater 
does in 1 hour 


Calculating Electrical Energy 
To calculate electrical energy use the equation 


E = VIt 


Where: 
E = energy (joules, J) 
V = voltage (volts, V) 
l= current (amps, A) 
t = time (seconds, s) 


©) Exam Tip 
Remember that kilo (k) means 1000, so 1 kW = 1000 W 
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YOUR NOTES 


As electricity passes around a circuit, energy is transferred from the power source l 
to the various components (which may then transfer energy to the surroundings) 

As charge passes through the power supply itis given energy 

As it passes through each component it loses some energy (transferring that 

energy to the component) 


ENERGY GAINED 


CURRENT 


ENERGY LOST ENERGY LOST 


The current transfers electrical energy from the power source and to the components 


Different domestic appliances transfer energy from batteries, such as a remote 
control 
Most household appliances transfer energy from the AC mains 
This can be to the kinetic energy of an electric motor. Motors are used in: 
Vacuum cleaners - to create the suction to suck in dust and dirt off carpets 
Washing machines - to rotate the drum to wash (or dry) clothes 
Refrigerators - to compress the refrigerant chemical into a liquid to reduce the 
temperature 


Or, in heating devices. Heating is used in: 
Toasters - to toast bread 
Kettles - to boil hot water 
Radiators - hot water is pumped from the boiler so the radiator can heat up a 
room 


Page 46 of 128 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


371/569 


Fsave myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


ELECTRICAL ENERGY YOUR NOTES 
FROM MAINS SUPPLY l 


KINETIC ENERGY TO ROTATE 
DRUM AND CLEAN CLOTHES 


Energy transfers for a washing machine and toaster 
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4.3 Electric Circuits & Electrical Safety YOUR o 


4.3.1 Circuit Diagrams & Circuit Components 


The diagram below shows the circuit symbols that could be used in circuit 
diagrams 
You will be expected to know what each component is and how it behaves in 
a circuit 
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YOUR NOTES 
l 
SINGLE CELL 


LAMP ELECTRIC BELL 


l4 
l 


- | | | | = FIXED RESISTOR MAGNETISED COIL 


---|- 
BATTERY OF CELLS VARIABLE RESISTOR 


RELAY COIL 


a) A; i Is i fu mg 
J fe I Ok Be fs fs 


TRANSFORMER 


POWER SUPPLY THERMISTOR 


Oo— 
O——_ 


—o 
—O ~w 


RESISTOR 


AMMETER 


=a Se 


SWITCH HEATER 


VOLTMETER 


FUSE GALVANOMETER 


Power supplies 
Cells, batteries, power supplies and generators all supply current to the circuit 
Resistors 
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Potential dividers, fixed and variable resistors, thermistors and light-dependent YOUR NOTES 
resistors (LDRs) are all used to control current J 
Meters 


Ammeters and voltmeters are used to measure the current and potential difference 
Electromagnetic Components 


Magnetising coils, relays and transformers use electromagnetic effects 
Relays use a small current in one circuit to switch on a much larger current in 
another 
Transformers ‘step up' and ‘step down' current and potential difference 


Fuses 


Protect expensive components from current surges and act as a safety measure 
against fire 
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EXTENDED 
In addition to the above, you should be able to recognise and draw the circuit 


symbol for a diode: 


A diode is a component that only allows a current in one direction 


(Note: diodes are occasionally drawn with a horizontal line running through the middle 


of them) 


If a diode is connected to an a.c. (alternating current) power supply, it will only 


allow a current half of the time 


(This is called rectification) 


AC. 
INPUT AI Se 


a 
a 


A diode can be used to rectify an alternating current 
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4.3.2 Current in Circuits YOUR n 


In a circuit that is a closed-loop, such as a series circuit, the current is the same 
value at any point 
This is because the number of electrons per second that passes through one 
part of the circuit is the same number that passes through any other part 


This means that all components in a closed-loop have the same current 


The current is the same at each point in a closed-loop 


The amount of current flowing around a series circuit depends on two things: 
The voltage of the power source 
The number (and type) of components in the circuit 


Increasing the voltage of the power source drives more current around the circuit 
So, decreasing the voltage of the power source reduces the current 


Increasing the number of components in the circuit increases the total resistance 
Hence less current flows through the circuit 
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YOUR NOTES 
l 


) 


) 


Current will increase if the voltage of the power supply increases, and decreases if 
the number of components increases (because there will be more resistance) 
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YOUR NOTES 


A parallel circuit consists of two or more components attached along separate l 
branches of the circuit 


Diagram showing two bulbs connected in parallel 


The advantages of this kind of circuit are: 
The components can be individually controlled, using their own switches 
If one component stops working the others will continue to function 


In a parallel circuit, the current splits up - some of it going one way and the rest 
going the other 

This means that the current in each branch will be smaller than the current from 
the power supply 


EXTENDED 


At a junction in a parallel circuit (where two or more wires meet) the current is 
conserved 
This means the amount of current flowing into the junction is equal to the 
amount of current flowing out of it 


This is because charge is conserved 


Note that the current does not always split equally - often there will be more 
current in some branches than in others 
The current in each branch will only be identical if the resistance of the 
components along each branch are identical 
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Current behaves in this way because it is the flow of electrons: YOUR NOTES 
Electrons are physical matter - they cannot be created or destroyed J 
This means the total number of electrons (and hence current) going around a 
circuit must remain the same 
When the electrons reach a junction, however, some of them will go one way 
and the rest will go the other 


JUNCTIONS 


Pear ntl, 
l2 l2 
Current is split at a junction into individual branches 


9 Worked Example 


In the circuit below, ammeter Ag shows a reading of 10 A, and ammeter Aj 
shows a reading of 6 A. 


What is the reading on ammeter A>? 


Step 1: Recall that at a junction, the current is conserved 


This means that the total amount of current flowing into a junction is equal to 
the total amount flowing out 


Step 2: Consider the first junction in the circuit where current splits 


The diagram below shows the first junction in the circuit 
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YOUR NOTES 


10 A fi 


4A 


Step 3: Calculate the missing amount of current 


Since 10 A flows in to the junction (the total current from the battery), 10 A 
must flow out of the junction 

The question says that 6 A flows through ammeter A; so the remaining current 
flowing through ammeter A> must be: 


10A-6A=4A 


Therefore, 4 A flows through ammeter A> 


©) Exam Tip 


The direction of current flow is super important when considering junctions 
in a circuit.You should remember that current flows from the positive 
terminal to the negative terminal of a cell / battery. This will help determine 
the direction current is flowing 'in' to a junction and which way the current 
then flows ‘out’. 


CONDUCTOR 
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4.3.3 EMF & Potential Difference in Circuits YOUR o 


When several cells are connected together in series, their combined EMF is equal to 
the sum of their individual EMFs 


3V 4V 2V 6V 
TOTAL EMF=3+4+2+6=45V 


The total EMF of these cells is equal to the sum of their individual EMFs 
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YOUR NOTES 
EXTENDED J 


In a series circuit, the sum of potential differences across the components is equal 
to the total EMF of the power supply 


Vy + Vp 


Ina series circuit the components share the EMF of the power supply 
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EXTENDED 


A parallel circuit consists of two or more components attached along separate 
branches of the circuit 


Diagram showing two bulbs connected in parallel 


The advantages of this kind of circuit are: 
The components can be individually controlled, using their own switches 
If one component stops working the others will continue to function 


In a parallel circuit, the current splits up - some of it going one way and the rest 
going the other 

This means that the current in each branch will be smaller than the current from 
the power supply 
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4.3.4 Combined Resistance 


Resistors in Series 


When two or more components are connected in series: 


The combined resistance of the components is equal to the sum of 
individual resistances 


R, R, R 


TOTAL VOLTAGE =V +V +V 


COMBINED RESISTANCE = R, + R, + R3 


(Ø save my exams 


When several components are connected in series, their combined resistance is equal 
to the sum of their individual resistances 


Resistors in Parallel 


When resistors are connected in parallel, the combined resistance decreases and is 
less than the resistance of any of the individual components 


If two resistors of equal resistance are connected in parallel, then the combined 
resistance will halve 
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YOUR NOTES 
40. l 


The above resistors will have a combined resistance of 2 Q — half the value of each 
resistor 
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Extended 


More generally, to determine the combined resistance of any combination of two 
resistors, you must use the equation: 


R, 


@save myexams 


oe oe 
R wR. R, 


The above equation is not the same as R = R; + Rp - a common, incorrect 
simplification that is made 


To calculate the resistance: 
First find the value of 1/R (by adding 1/R; + 1/R>) 
Next find the value of R by using the reciprocal button on your calculator 
(labelled either x~% or 1/x, depending on your calculator) 
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4.3.5 Potential Dividers 


EXTENDED 


When two resistors are connected in series, the potential difference across the 
power source is shared between them 


A potential divider splits the potential difference of a power source between two 
components 


The potential difference across each resistor depends upon its resistance: 
The resistor with the largest resistance will have a greater potential difference 
than the other one 


If the resistance of one of the resistors is increased, it will get a greater share 
of the potential difference, whilst the other resistor will get a smaller share 


EXTENDED 


A potentiometer is a single component that (in its simplest form) consists of a coil 
of wire with a sliding contact, midway along it 
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COIL OF WIRE e 


© TERMINAL B 


e SLIDING CONTACT 


© TERMINAL A 


A potentiometer is a kind of variable resistor 


EXTENDED 


The sliding contact has the effect of separating the potentiometer into two parts - 
an upper part and a lower part - both of which have different resistances 
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Moving the slider (the arrow in the diagram) changes the resistances (and hence YOUR NOTES 
potential differences) of the upper and lower parts of the potentiometer J 


If the slider in the above diagram is moved upwards, the resistance of the lower 
part will increase and so the potential difference across it will also increase 
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YOUR NOTES 
EXTENDED J 


When two resistors are connected in series, through Kirchhoff’s Second Law, the 
potential difference across the power source is divided between them 
Potential dividers are circuits which produce an output voltage as a fraction of its 
input voltage 
Potential dividers have two main purposes: 
To provide a variable potential difference 
To enable a specific potential difference to be chosen 
To split the potential difference of a power source between two or more 
components 


Potential dividers are used widely in volume controls and sensory circuits using 

LDRs and thermistors 

Potential divider circuits are based on the ratio of voltage between components. 

This is equal to the ratio of the resistances of the resistors in the diagram below, 
giving the following equation: 


EXTENDED 
R2 
POTENTIAL DIVIDER EQUATION: Vout = Va 
R, + Ro 
Potential divider diagram and equation 
EXTENDED 


The input voltage Vin is applied to the top and bottom of the series resistors 

The output voltage Vout is measured from the centre to the bottom of resistor R2 

The potential difference Vacross each resistor depends upon its resistance R: 
The resistor with the largest resistance will have a greater potential 
difference than the other one from V= IR 
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If the resistance of one of the resistors is increased, it will get a greater share 
of the potential difference, whilst the other resistor will get a smaller share 


YOUR NOTES 
l 


In potential divider circuits, the p.d across a component is proportional to its 
resistance from V= IR 


© Worked Example 

(J 
The circuit is designed to light up a lamp when the input voltage exceed a 
preset value. 


It does this by comparing Vout with a fixed reference voltage of 5.3 V. 


af 


Vout is equal to 5.3 


Calculate the input voltage Vin. 


STEP 1 POTENTIAL DIVDER EQUATION 


SS eN, 
Vout = R, + R2 in 


STEP 2 REARRANGE FOR INPUT VOLTAGE Va 


i B N R, + R2 
Vin = Vout E R, i R2 —= NE n 


STEP 3 SUBSTITUTE IN VALUES 
R,=20kQ R,=12kQ Vout = 5.3 V 


f [42 £201 
Vin = 5.3 = |= 848v 


Vn = 8.5V (2 s.f.) 
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©) Exam Tip YOUR NOTES 
= When thinking about potential dividers, remember that the higher the l 
resistance the more energy it will take to 'push the current through' and 
therefore the higher the potential difference. 


This means that if a component (often shown as a voltmeter in questions) 
needs to be switched on by a change such as increased light or temperature, 
then the resistor it is in parallel with needs to become larger compared to 


the other resistor. 
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4.3.6 Electrical Safety YOUR n 


Mains electricity is potentially lethal - potential differences as small as 50 volts can 
pose a serious hazard to individuals 


The risk of electrocution is indicated by hazard signs but other risks which would not 
be signposted are listed below 


Common hazards include: 
Damaged Insulation - If someone touches an exposed piece of wire, they 
could be subjected to a lethal shock 
Overheating of cables - Passing too much current through too small a wire (or 
leaving a long length of wire tightly coiled) can lead to the wire overheating. 
This could cause a fire or melt the insulations, exposing live wires 
Damp conditions - If moisture comes into contact with live wires, the moisture 
could conduct electricity either causing a short circuit within a device (which 
could cause a fire) or posing an electrocution risk 
Excess current from overloading of plugs, extension leads, single and 
multiple sockets when using a mains supply - If plugs or sockets become 
overloaded due to plugging in too many components the heat created can 
cause fires 
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YOUR NOTES 
l 


WHEN TOO MANY PLUGS ARE CONNECTED 
TO AN EXTENSION LEAD IT CAN CAUSE 
OVERHEATING AND EVEN FIRE 
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YOUR NOTES 
Mains Electricity l 


Mains electricity is the electricity generated by power stations and transported 
around the country through the National Grid 
Everyone connects to the mains when plugging in an appliance such as a 
phone charger or kettle 


Mains electricity is an alternating current (a.c.) supply 
In the UK, the domestic electricity supply has a frequency of 50 Hz and a potential 
difference of about 230 V 
A frequency of 50 Hz means the direction of the current changes back and 
forth 50 times every second 


Mains electricity, being an alternating current, does not have positive and negative 
sides to the power source 
The equivalent to positive and negative are called live and neutral and these 
form either end of the electrical circuit 


Three-pin Plug & Earth Connection 
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e NEUTRAL WIRE YOUR NOTES 


4 
e EARTH WIRE 


eLIVE WIRE 


o CABLE GRIP 


The plug socket and inside of a three-pin plug showing the three wires and their 
connections. The live and neutral wires deliver the electricity to the device. The Earth 
wire is for safety 


In order to protect the user or the device, there are several safety features built into 
domestic appliances, including: 


Double insulation 
Earthing 

Fuses 

Circuit breakers 


Insulation & Double Insulation 
The conducting part of a wire is usually made of copper or some other metal 
If this comes into contact with a person, this poses a risk of electrocution 


For this reason, wires are covered with an insulating material, such as rubber 
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CONDUCTING 
MATERIAL 


INSULATING 
MATERIAL 


save my exams 


The conducting part of a wire is covered in an insulating material for safety 


Some appliances do not have metal cases and so there is no risk of them becoming 
electrified 
Such appliances are said to be double insulated, as they have two layers of 
insulation: 

Insulation around the wires themselves 

A non-metallic case that acts as a second layer of insulation 


Double insulated appliances do not require an earth wire or have been designed so 
that the earth wire cannot touch the metal casing 


Earthing 


Many electrical appliances have metal cases 

This poses a potential safety hazard: 
If a live wire (inside the appliance) came into contact with the case, the case 
would become electrified and anyone who touched it would risk being 
electrocuted 


The earth wire is an additional safety wire that can reduce this risk 


If this happens: 
The earth wire provides a low resistance path to the earth 
It causes a surge of current in the earth wire and hence also in the live wire 
The high current through the fuse causes it to melt and break 
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This cuts off the supply of electricity to the appliance, making it safe YOUR NOTES 
l 
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YOUR NOTES 
l 


A fuse is a safety device designed to cut off the flow of electricity to an appliance 
if the current becomes too large (due to a fault or a surge) 


The circuit symbol for a fuse - take care not to confuse this with a resistor 


Fuses usually consist of a glass cylinder which contains a thin metal wire. 
If the current in the wire becomes too large: 
The wire heats up and melts 
This causes the wire to break, breaking the circuit and stopping the current 


A trip switch, found in the Consumer Box (where the electricity enters the building) 
does the same job as a fuse 
When the current is too high the switch 'trips' (automatically flicks to the off 
position) 
This stops current flowing in that circuit 


Choosing Which Fuse to Use 


Fuses come in a variety of sizes (typically 3A, 5A and 13A) - in order to select the 
right fuse for the job, you need to know how much current an appliance needs 

If you know the power of the appliance (along with mains voltage), the current can 
be calculated using the equation: 


POWER 


CURRENT >*= ZZZ 
VOLTAGE 


The fuse should always have a current rating that is higher than the current 
needed by the appliance, without being too high - always choose the next size up 


Example: 


Suppose an appliance uses 3.1 amps 
A 3 amp use would be too small - the fuse would blow as soon as the 
appliance was switched on 
A 13 amp fuse would be too large - it would allow an extra 10 amps to pass 
through the appliance before it finally blew 
A 5 amp fuse would be an appropriate choice, as it is the next size up 
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4.4 Electromagnetic Effects 


4.4.1 Electromagnetic Induction 


An EMF will be induced in a conductor if there is relative movement between the 
conductor and the magnetic field 
It will also be induced if the conductor is stationary in a changing magnetic field 
For an electrical conductor moving in a fixed magnetic field 

The conductor (e.g wire) cuts through the fields lines 

This induces an EMF in the wire 


Moving an electrical conductor in a magnetic field to induce an EMF 


#savemy exams 


When the magnet enters the coil, the field lines cut through the turns, inducing an 
EMF 


For a fixed conductor in a changing magnetic filed 


As the magnet moved through the conductor (e.g. a coil), the field lines cut 
through the turns on the conductor (each individual wire) 
This induces an EMF in the coil 
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YOUR NOTES 
l 


MAGNETIC FIELD LINES 
CUT THROUGH THE WIRE 


AMMETER SHOWS A READING 
e WHEN A CURRENT IS INDUCED 
IN THE CIRCUIT 


A magnet moved towards a wire creates a changing magnetic field and induces a 
current in the wire 


A sensitive voltmeter can be used to measure the size of the induced EMF 
If the conductor is part of a complete circuit then a current is induced in the 
conductor 

This can be detected by an ammeter 
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© Worked Example 


J 
A coil of wire is connected to a sensitive voltmeter. When a magnet is 
pushed into the coil the needle on the voltmeter will deflect to the right as 
shown in the diagram below. 
MAGNET IS 
PUSHED INTO 
COIL OF WIRE 
What will happen to the pointer on the voltmeter when the magnet is 
stationary in the centre of the coil? 
A The needle will deflect to the left 
B The needle will deflect to the right 
C There will be no deflection of the needle 
D The needle will deflect to the left and then to the right 
ANSWER: C 


C is correct because there the magnet is stationary 

This means there is no relative movement between the coil and the magnetic 
field, therefore there are no magnetic field lines being cut 

If the magnetic field lines are not being cut then there will not be a potential 
difference induced 


A, B & D are incorrect because a deflection on the voltmeter would indicate 
that a potential difference has been induced 

This could only happen if there was relative movement between the coil and 
the magnetic field 
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YOUR NOTES 
EXTENDED J 
Lenz Law states: 


The direction of an induced potential difference always opposes the change 
that produces it 


This means that any magnetic field created by the potential difference will act so 
that it tries to stop the wire or magnet from moving 


Demonstrating Lenz's Law 

If a magnet is pushed north end first into a coil of wire then the end of the coil 

closest to the magnet will become a north pole 

Explanation 
Due to the generator effect, a potential difference will be induced in the coil 
The induced potential difference always opposes the change that produces it 
The coil will apply a force to oppose the magnet being pushed into the coil 
Therefore, the end of the coil closest to the magnet will become a north pole 
This means it will repel the north pole of the magnet 


THIS END OF THE COIL 
BECOMES A NORTH POLE 


MAGNET PUSHED 


TOWARDS COIL 
OF WIRE 


Magnet being pushed into a coil of wire 


If a magnet is now pulled away from the coil of wire then the end of the coil closest 

to the magnet will become a south pole 

Explanation: 
Due to the generator effect, a potential difference will be induced in the coil 
The induced potential difference always opposes the change that produces it 
The coil will apply a force to oppose the magnet being pulled away from the 
coil 
Therefore, the end of the coil closest to the magnet will become a south pole 
This means it will attract the north pole of the magnet 
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THIS END OF THE COIL 
BECOMES A SOUTH POLE 


YOUR NOTES 
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MAGNET PULLED 


AWAY FROM COIL 
OF WIRE 


Magnet being pulled away from a coil of wire 
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YOUR NOTES 
EXTENDED J 


When moving a wire through a magnetic field, the direction of the induced EMF can 
be worked out by using the Right-Hand Dynamo rule 


FIRST FINGER 


SECOND FINGER 


AZMDVDC 


The Right-Hand Dynamo rule can be used to deduce the direction of the induced EMF 


To use the rule: 
First Finger = Field: 
Start by pointing the first finger (on the right hand) in the direction of the field 
ThuMb = Motion: 
Next, point the thumb in the direction that the wire is moving in 
SeCond = Current: 


The Second finger will now be pointing in the direction of the current (or, 
Strictly speaking, the EMF) 


The direction of the induced EMF always opposes the change that produces it 
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This means that any magnetic field created by the EMF will act so that it tries YOUR NOTES 
to stop the wire or magnet from moving J 
©) Exam Tip 


Remember that current is always in the direction of positive charge carriers. 
Therefore, current flows from the positive to the negative terminal of the 
battery. 
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YOUR NOTES 
l 


4.4.2 Demonstrating Induction 


An EMF can be induced either when: 
A conductor, such as a wire, cuts through a magnetic field 
The direction of a magnetic field through a coil changes 


Electromagnetic induction is used in: 
Electrical generators which convert mechanical energy to electrical energy 
Transformers which are used in electrical power transmission 


This phenomenon can easily be demonstrated with a magnet and a coil 


Experiment 1: Moving a magnet through a coil 


When a coil is connected to a sensitive voltmeter, a bar magnet can be moved in 
and out of the coil to induce an EMF 


Copyright © Save My Exams. All Rights Reserved 


A bar magnet is moved through a coil connected to a voltmeter to induce an EMF 
The expected results are: 


When the bar magnet is not moving, the voltmeter shows a zero reading 
When the bar magnet is held still inside, or outside, the coil, there is no 
cutting of magnetic field lines, so, there is no EMF induced 


When the bar magnet begins to move inside the coil, there is a reading on the 
voltmeter 
As the bar magnet moves, its magnetic field lines ‘cut through’ the coil 
This induces an EMF within the coil, shown momentarily by the reading on the 
voltmeter 


When the bar magnet is taken back out of the coil, an e.m.f is induced in the 
opposite direction (a result of Lenz's law) 
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As the magnet changes direction, the direction of the current changes YOUR NOTES 
The voltmeter will momentarily show a reading with the opposite sign J 
Increasing the speed of the magnet induces an e.m.f with a higher magnitude 


The direction of the electric current, and e.m.f, induced in the conductor is such 
that it opposes the change that produces it 
This is Lenz's law 


°©BAR MAGNET 


i 
OUT 
NO e.m.f. INDUCED IN THE COIL e.m.f. INDUCED DUE TO 


SINCE THE BAR MAGNET IS CUTTING OF MAGNETIC 
KEPT STILL FIELD LINES 


NO e.m.f. INDUCED IN THE COIL e.m.f. INDUCED DUE TO 
SINCE THE BAR MAGNET IS CHANGE IN MAGNETIC FIELD LINES 
KERT Silke (IN THE OPPOSITE DIRECTION) 


An e.m.f is induced only when the bar magnet is moving through the coil 


Factors that will increase the induced EMF are: 
Moving the magnet faster through the coil 
Adding more turns to the coil 
Increasing the strength of the bar magnet 


Experiment 2: Moving a wire through a magnet 
When a long wire is connected to a voltmeter and moved between two magnets, an 
EMF is induced 
The pattern of a magnetic field in a wire can be investigated using this set up 
Note: there is no current flowing through the wire to start with 
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YOUR NOTES 


e VOLTMETER J 


Copyright © Save My Exams. All Rights Reserved 


A wire is moved between two magnets connected to a voltmeter to induce an EMF 
The expected results are: 


When the wire is not moving, the voltmeter shows a zero reading 
When the wire is held still inside, or outside, the magnets, the rate of change 
of flux is zero, so, there is no EMF induced 


As the wire is moved through between the magnets, an EMF is induced within the 
wire, shown momentarily by the reading on the voltmeter 
As the wire moves, it ‘cuts through’ the magnetic field lines of the magnet, 
generating a change in magnetic flux 


When the wire is taken back out of the magnet, an EMF is induced in the opposite 
direction 

As the wire changes direction, the direction of the current changes 

The voltmeter will momentarily show a reading with the opposite sign 


As before, the direction of the electric current, and e.m.f, induced in the conductor 
is such that it opposes the change that produces it 
Factors that will increase the induced e.m.f are: 

Increasing the length of the wire 

Moving the wire between the magnets faster 

Increasing the strength of the magnets 
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YOUR NOTES 


The magnitude (size) of the induced EMF is determined by: l 
The speed at which the wire, coil or magnet is moved 
The number of turns on the coils of wire 
The size of the coils 
The strength of the magnetic field 


The direction of the induced potential difference is determined by: 
The orientation of the poles of the magnet 


1. The speed at which the wire, coil or magnet is moved: 


Increasing the speed will increase the rate at which the magnetic field lines 
are cut 
This will increase the induced potential difference 


2. The number of turns on the coils in the wire: 


Increasing the number of turns on the coils in the wire will increase the 
potential difference induced 

This is because each coil will cut through the magnetic field lines and the total 
potential difference induced will be the result of all of the coils cutting the 
magnetic field lines 


3. The size of the coils: 


Increasing the area of the coils will increase the potential difference induced 
This is because there will be more wire to cut through the magnetic field lines 


4. The strength of the magnetic field: 


Increasing the strength of the magnetic field will increase the potential 
difference induced 


5. The orientation of the poles of the magnet: 


Reversing the direction in which the wire, coil or magnet is moved 


©) Exam Tip 


When discussing factors affecting the induced potential difference: 


Make sure you state: 
“Add more turns to the coil” instead of “Add more coils” 
This is because these statements do not mean the same thing 


Likewise, when referring to the magnet, use the phrase: 
“A stronger magnet instead of “A bigger magnet” 
This is because larger magnets are not necessarily stronger 
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4.4.3 The A.C. Generator 


EXTENDED 


The generator effect can be used to generate a.c in an alternator 
A simple alternator is a type of generator that converts mechanical energy to 


electrical energy in the form of alternating current 
STEADY RATE 
OF ROTATION 


MAGNETIC 
FIELD LINES 


ee, 
COMMUTATOR ALTERNATING METER POINTER 
RINGS ° POTENTIAL DIFFERENCE 


eSWINGS FROM 
An alternator is a rotating coil in a magnetic field connected to commutator rings 


SIDE TO SIDE 


A rectangular coil that is forced to spin in a uniform magnetic field 
The coil is connected to a centre-reading meter by metal brushes that press on 
two metal slip rings (or commutator rings) 
The slip rings and brushes provide a continuous connection between the coil 
and the meter 


When the coil turns in one direction: 
The pointer defects first one way, then the opposite way, and then back again 
This is because the coil cuts through the magnetic field lines and an EMF, and 
therefore current, is induced in the coil 


The pointer deflects in both directions because the current in the circuit repeatedly 
changes direction as the coil spins 
This is because the induced EMF in the coil repeatedly changes its direction 
This continues on as long as the coil keeps turning in the same direction 


The induced EMF and the current alternate because they repeatedly change 
direction 
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©) Exam Tip YOUR al 


” Motors and generators look very similar, but they do very different things. 


When tackling a question on either of them, make sure you are writing about 
the right one! A motor takes in electricity and turns it into motion. A 
generator takes in motion and generates electricity. 


You might be expected to give explanations of how these two things happen 
- make sure that you understand their subtle differences! 
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YOUR NOTES 
EXTENDED J 


The A.C. generator creates an alternating current, varying in size and direction as 
the coil rotates 
The size of the induced EMF depends on the number of field lines it cuts 
The induced EMF is greatest (maximum value) when the coil is horizontal, or 
parallel with the field lines, as in this position it cuts through the field at the 
fastest rate 
The EMF is smallest (0) when the coil is vertical, or perpendicular with the field 
lines as in this position it will not be cutting through field lines 


POSITION 2 


POSITION 4 


POTENTIAL 
DIFFERENCE 


TIME 


Alternating EMF showing the position of the magnet relative to the coil 


When the magnet is in position 1 the magnetic field lines of the magnet do not cut 
the coil 


This means that there is no EMF induced in the coil 


When the magnet is in position 2 the magnetic field lines of the magnet are at 
90° to the coil 


This means that there will be maximum EMF induced in the coil 


When the magnet is in position 3 the magnetic field lines of the magnet do not cut 
the coil 


This means that there is no EMF induced in the coil 
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When the magnet is in position 4 the magnetic field lines of the magnet are at YOUR NOTES 
90° to the coil l 

This means that there will be maximum EMF induced in the coil 

As the poles of the magnet are reversed compared to position 2 the induced 

EMF will also be in the opposite direction compared to position 2 

This means that the graph will show a negative trace 


©) Exam Tip 


Make sure you can remember how the induced EMF relates to the number of 
field lines cut by the coil: 


When the plane of the coil is perpendicular to the field lines 
When the number of field lines cut is at its maximum 
Induced EMF = 0 


When the plane of the coil is parallel to the field lines 
When the number of field lines cut = 0 
Induced e.m.f is at its maximum 


The A.C output from an alternator leads to a current which is both in the 
positive and negative region of the graph 


CURRENT 
+ 


TIME 


—_ | —_ 
mG m B 
ED 
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4.4.4 Magnetic Effect of a Current 


When a current flows through a conducting wire a magnetic field is produced 
around the wire 
A conducting wire is any wire that has current flowing through it 
The shape and direction of the magnetic field can be investigated using plotting 
compasses 
The compasses would produce a magnetic field lines pattern that would like 
look the following 


DIRECTION OF 
CURRENT 


MAGNETIC 
e FIELD 
LINES 


Diagram showing the magnetic field around a current-carrying wire 


The magnetic field is made up of concentric circles 
A circular field pattern indicates that the magnetic field around a current- 
carrying wire has no poles 


As the distance from the wire increases the circles get further apart 
This shows that the magnetic field is strongest closest to the wire and gets 
weaker as the distance from the wire increases 


The right-hand thumb rule can be used to work out the direction of the magnetic 
field 
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YOUR NOTES 
THUMB POINT ALONG l 


THE DIRECTION OF 
THE CURRENT 


OTHER FINGERS GIVE 
THE DIRECTION 
ORSI HERNIECD 


The right-hand thumb rule shows the direction of current flow through a wire and the 
direction of the magnetic field around the wire 


Reversing the direction in which the current flows through the wire will reverse the 
direction of the magnetic field 
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MAGNETIC 
FIELD LINES 


A CIRCLE WITH A CROSS IN THE 
>CENTRE SHOWS THAT CURRENT 
IS FLOWING INTO THE PLANE 


A CIRCLE WITH A DOT IN THE 
CENTRE SHOWS THAT CURRENT -€ 
IS FLOWING OUT OF THE PLANE 


Side and top view of the current flowing through a wire and the magnetic field 
produced 


If there is no current flowing through the conductor there will be no magnetic field 
Increasing the amount of current flowing through the wire will increase the 
strength of the magnetic field 

This means the field lines will become closer together 


Magnetic Field Around a Solenoid 
When a wire is looped into a coil, the magnetic field lines circle around each part 
of the coil, passing through the centre of it 
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Diagram showing the magnetic field around a flat circular coil 


To increase the strength of the magnetic field around the wire it should be coiled 
to form a solenoid 


The magnetic field around the solenoid is similar to that of a bar magnet 


Magnetic field around and through a solenoid 


The magnetic field inside the solenoid is strong and uniform 


One end of the solenoid behaves like the north pole of a magnet; the other side 
behaves like the south pole 


To work out the polarity of each end of the solenoid it needs to be viewed 
from the end 


If the current is travelling around in a clockwise direction then it is the south 
pole 
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If the current is travelling around in an anticlockwise direction then it is the YOUR NOTES 
north pole J 


If the current changes direction then the north and south poles will be reversed 
If there is no current flowing through the wire then there will be no magnetic field 
produced around or through the solenoid 


ie \ N 
I \ A \ 
i N END VIEW] | A V 
<< T N ee 
\\ 
L \ 
Y 


CURRENT 


Poles of a Solenoid 
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EXTENDED 


A solenoid can be used as an electromagnet by adding a soft iron core 
The iron core will become an induced magnet when current is flowing through the 


coils 
The magnetic field produced from the solenoid and the iron core will create a 
much stronger magnet overall 


The magnetic field produced by the electromagnet can be switched on and off 
When the current is flowing there will be a magnetic field produced around the 
electromagnet 
When the current is switched off there will be no magnetic field produced 
around the electromagnet 


, SOFT IRON 
CORE 


An electromagnet consists of a solenoid wrapped around a soft iron core 


Changing the direction of the current also changes the direction of the magnetic 
field produced by the iron core 


Factors Affecting Magnetic Field Strength 
The strength of the magnetic field produced around a solenoid can be increased 
by: 
Increasing the size of the current which is flowing through the wire 
Increasing the number of coils 
Adding an iron core through the centre of the coils 


The strength of an electromagnet can be changed by: 
Increasing the current will increase the magnetic field produced around the 


electromagnet 
Decreasing the current will decrease the magnetic field produced around the 
electromagnet 
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YOUR NOTES 


©) Exam Tip l 


When trying to figure out how an electromagnetic device works: 


Look for a coil / solenoid - this is going to act as an electromagnet 
Look for a piece of iron - this will be attracted to the solenoid 
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YOUR NOTES 


Electromagnets are used in a wide variety of applications, including: J 


Relay circuits (utilised in electric bells, electronic locks, scrapyard cranes etc) 
Loudspeakers & headphones 


Relay Circuits 


Electromagnets are commonly used in relay circuits 


Relays are switches that open and close via the action of an electromagnet 
A relay circuit consists of: 


An electrical circuit containing an electromagnet 


A second circuit with a switch which is near to the electromagnet in the first 
circuit 


N 


NO CURRENT OFF CURRENT ON O 


SWITCH ṣ7 


COIL SWITCH => 


CLOSED _: 


O 
U 
m 
Z 


When a current passes through the coil in Circuit 1, it attracts the switch in Circuit 2, 
closing it enables a current to flow in Circuit 2 


When a current flows through Circuit 1, a magnetic field is induced around the coil 


The magnetic field attracts the switch, causing it to pivot and close the 
contacts in Circuit 2 


This allows a current to flow in Circuit 2 


When no current flows through Circuit 1, the magnetic force stops 
The electromagnet stops attracting the switch 
The current in Circuit 2 stops flowing 


Scrapyard cranes utilise relay circuits to function: 
When the electromagnet is switched on it will attract magnetic materials 
When the electromagnet is switched off it will drop the magnetic materials 


Electric bells also utilise relay circuits to function: 
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Animation: Electric bells utilise relay circuits. As the current alternates, the metal arm 
strikes the bell and drops repeatedly to produce the ringing effect 


When the button K is pressed: 
A current passes through the electromagnet E creating a magnetic field 
This attracted the iron armature A, causing the hammer to strike the bell B 
The movement of the armature breaks the circuit at T 
This stops the current, destroying the magnetic field and so the armature 
returns to its previous position 
This re-establishes the circuit, and the whole process starts again 


Loudspeakers & Headphones 


Loudspeakers and headphones convert electrical signals into sound 
They work due to the motor effect 


A loudspeaker consists of a coil of wire which is wrapped around one pole of a 
permanent magnet 
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Diagram showing a cross-section of a loudspeaker YOUR NOTES 


An alternating current passes through the coil of the loudspeaker 4 
This creates a changing magnetic field around the coil 


As the current is constantly changing direction, the direction of the magnetic field 
will be constantly changing 
The magnetic field produced around the coil interacts with the field from the 
permanent magnet 
The interacting magnetic fields will exert a force on the coil 
The direction of the force at any instant can be determined using Fleming’s 
left-hand rule 


As the magnetic field is constantly changing direction, the force exerted on the 
coil will constantly change direction 
This makes the coil oscillate 


The oscillating coil causes the speaker cone to oscillate 
This makes the air oscillate, creating sound waves 
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4.4.5 Investigating the Field Around a Wire YOUR o 


The magnetic field patterns due to currents in straight wires and in solenoids can 
be investigated using: 

A thick wire 

A solenoid (a wire wrapped into a coil) - for example, a metal slinky 

Cell, ammeter, variable resistor and connecting wires 

Cardboard with holes (the holes must be large enough for the wire to fit 

through) 

Clamp stand 

Iron filings or a compass 


Spread the iron filings uniformly on the cardboard and place the magnetic needle 
on the board 
Tap the cardboard slightly and observe the orientation of iron filings 


When the current direction is reversed, the compasses point in the opposite direction 
showing that the direction of the field reverses when the current reverses 


CIRCULAR COIL- 


e FIELD LINE 


CURRENT DIRECTION: 


Experiment 1: Plotting the magnetic field around a wire 
1. Attach the thick wire through a hole in the middle of the cardboard and secure it to 
the clamp stand 
Secure the wire vertically so it sits perpendicularly to the cardboard 
2. Attach the ends of the wire to a series circuit containing the variable resistor and 
ammeter on either side of the cell 


Using plotting compasses: 


1. Place plotting compasses on the card and draw dots at each end of the needle 
once it settles 
Make sure to draw an arrow to show the direction of the field at different 
points 
2. Move the compass so that it points away from the new dot, and repeat the process 
above 
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3. Keep repeating the previous process until there is a chain of dots on the card YOUR NOTES 
4. Then remove the compass, or compasses, and link the dots using a smooth curve - J 
this will be the magnetic field line 


5. Repeat the whole process several times to create several other magnetic field lines 
Using iron filings: 


1. If using iron filings, simply pour the filings onto the cards and gently shake the 
card until the filings settle in the pattern of the magnetic field around the wire 


PLOTTING | 
COMPASS 


FIELD LINES SHOWN 
BY IRON FILINGS 


CURRENT 
DIRECTION 


STRAIGHT. 
WIRE 


Experiment 2: Plotting the magnetic field around a solenoid 
1. Attach the thick wire through a hole on one side of the cardboard and loop it 
through a hole on the other side of the cardboard and secure it to the clamp stand 
Secure the wire so it forms a circular loop around the cardboard 
2. Attach the ends of the wire to a series circuit containing the variable resistor and 


ammeter on either side of the cell 
Using plotting compasses: 


1. Follow the procedure outlined in Experiment 1 
Note: this can be carried out using a solenoid, but since a solenoid is 
essentially many circular loops, the pattern around a circular loop can be 


extended to give the pattern around a solenoid 


Using iron filings and a solenoid: 


1. Take a solenoid (a metal slinky works well for this) and thread it through pre-made 


holes in a piece of card 
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2. Pour the filings onto the card and gently shake the card until the filings settle in YOUR NOTES 
the pattern of the magnetic field around the solenoid J 


oe 


e CURRENT DIRECTION e 
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4.4.6 Force on a Current-Carrying Conductor 


A current-carrying conductor produces its own magnetic field 


When interacting with an external magnetic field, it therefore will experience a 
force 


A current-carrying conductor will only experience a force if the current through it 
is perpendicular to the direction of the magnetic field lines 


A simple situation would be a copper rod placed within a uniform magnetic 
field 


When current is passed through the copper rod, it experiences a force which 
makes it move 


MAGNETS CREATING 
AN UNIFORM MAGNETIC: 
FIELD 


CURRENT 
e 


ELECTRONS MOVE 
THROUGH THE 
COPPER ROD 


COPPER ROD EXPERIENCES 
°A FORCE WHEN CURRENT 
IS SWITCHED ON 


A copper rod moves within a magnetic field when current is passed through it 


Two ways to reverse the direction of the force (and therefore, the copper rod) are 
by reversing: 

The direction of the current 

The direction of the magnetic field 


©) Exam Tip 


This phenomenon is sometimes referred to as ‘the motor effect’. The 
direction of the force is determined by Fleming's left-hand rule. 


Page 104 of 128 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


429/569 


Combined By NESRINE 


YOUR NOTES 
l 


FHsavemyexams 


Head to savemyexams.co.uk for more awesome resources 


EXTENDED 


The direction of the force (aka the thrust) on a current carrying wire depends on 
the direction of the current and the direction of the magnetic field 
All three will be perpendicular to each other 
This means that sometimes the force could appear to be acting either into or 
out of the page 


The direction of the force (or thrust) can be worked out by using Fleming's left- 
hand rule: 


THUMB 


FIRST FINGER 
| 


E 
L 
D 


SECOND FINGER 


AZzmuvwvc 


Fleming's left-hand rule can be used to determine directions of the force, magnetic 
field and current 


Page 105 of 128 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


430/569 


Combined By NESRINE 


YOUR NOTES 
l 


Fsavemyexams 


Head to savemyexams.co.uk for more awesome resources 


© Worked Example 


Use Fleming’s left-hand rule to show that if the current-carrying wire is 
placed into the magnetic field between the poles of the magnet, as shown 
below, there will be a downwards force acting on the wire. 


Step 1: Determine the direction of the magnetic field 


Start by pointing your First Finger in the direction of the (magnetic) Field. 


Step 2: Determine the direction of the current 


Now rotate your hand around the first finger so that the seCond finger points 
in the direction of the Current 


Step 3: Determine the direction of the force 


The THumb will now be pointing in the direction of the THrust (the force) 
Therefore, this will be the direction in which the wire will move 


SECOND FINGER 


FIRST FINGER 


orm- 
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©) Exam Tip YOUR NOTES 
” Remember that the magnetic field is always in the direction from North to l 
South and current is always in the direction of a positive terminal to a 


negative terminal. 


Feel free to use Fleming's left hand rule in your exam, just don't make it too 
distracting for other students! 
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YOUR NOTES 
EXTENDED J 


When a current-carrying wire is placed in a magnetic field, it will experience a 
force if the wire is perpendicular 
This is because the magnetic field exerts a force on each individual electron 
flowing through the wire 


Therefore, when a charged particle passes through a magnetic field, the field can 
exert a force on the particle, causing it to deflect 
The force is always at 90 degrees to both the direction of travel and the 
magnetic field lines 
The direction can be worked out by using Fleming's left-hand rule 


In the case of a electron in a magnetic field the second finger points in the 
opposite direction to the direction of motion 
Conventional current is said to flow opposite to the direction of flow of 
electrons 
The finger represents current 
An alternative is to use the right hand to work out directions for charged 
particles 


> ELECTRON 


When a charged particle (such as an electron) enters a magnetic field, it is deflected 
by the field 


If the particle is travelling perpendicular to the field lines: 
It will experience the maximum force 
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If the particle is travelling parallel to the field lines: YOUR NOTES 
It will experience no force J 


If the particle is travelling at an angle to the field lines: 
It will experience a small force 


©) Exam Tip 

> Remember that the direction of current is the direction of positive charged. 
Therefore, if a particle has a negative charge (such as an electron), then the 
second finger (current) must point in the opposite direction to its direction 
of travel. 


The left-hand rule can be applied to any charged particles, but in the IGCSE 
exam questions are likely to stick to electrons. 
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The motor effect can be used to create a simple d.c electric motor 
The simple d.c. motor consists of a coil of wire (which is free to rotate) positioned 
in a uniform magnetic field: 


SPLIT RING 


BRUSHES < ~ COMMUTATOR 


A simple d.c. electric motor 


This causes the coil to rotate since it experiences a turning effect 
The turning effect is increased by increasing: 

The number of turns on the coil 

The current 

The strength of the magnetic field 
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When the current is flowing in the coil at 90° to the direction of the magnetic field: 
The current creates a magnetic field around the coil 
The magnetic field produced around the coil interacts with the field produced 
by the magnets 
This results in a force being exerted on the coil 
The direction of the force can be determined using Fleming's left-hand rule 
As current will flow in opposite directions on each side of the coil, the force 
produced from the magnetic field will push one side of the coil up and the 
other side of the coil down 


This will cause the coil to rotate, and it will continue to rotate until it is in the 
vertical position 
In the vertical position momentum keeps the coil turning until the magnetic 
force takes over again 


The split ring commutator swaps the contacts of the coil 
This reverses the direction in which the current is flowing every half turn 
This keeps the current leaving the motor in the same direction (d.c) 


Reversing the direction of the current will also reverse the direction in which the 
forces are acting 
As a result, the coil will continue to rotate 


DIRECTION : 
OF ROTATION 


— + 


Forces on coil after commutator has reversed the direction of the current 
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The split-ring commutator reverses the direction of the current in the coil every 
half turn 
This will keep the coil rotating continuously as long as the current is flowing 


Factors Affecting the D.C Motor 


The speed at which the coil rotates can be increased by: 
Increasing the current 
Use a stronger magnet 


The direction of rotation of coil in the d.c motor can be changed by: 
Reversing the direction of the current 
Reversing the direction of the magnetic field by reversing the poles of the 
magnet 


The force supplied by the motor can be increased by: 
Increasing the current in the coil 
Increasing the strength of the magnetic field 
Adding more turns to the coil 


© Worked Example 


A d.c motor is set up as shown below. 


— oo 


Determine whether the coil will be rotating clockwise or anticlockwise. 


Step 1: Draw arrows to show the direction of the magnetic field lines 


These will go from the north pole of the magnet to the south pole of the 
magnet 
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Step 2: Draw arrows to show the direction the current is flowing in the coils 


Current will flow from the positive terminal of the battery to the negative 
terminal 


POSITIVE TERMINALe 


Step 3: Use Fleming’s left-hand rule to determine the direction of the force on 
each side of the coil 


Start by pointing your First Finger in the direction of the (magnetic) Field 
Now rotate your hand around the first finger so that the seCond finger points 
in the direction of the Current 


The THumb will now be pointing in the direction of the THrust (the force) 
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Step 4: Use the force arrows to determine the direction of rotation 


The coil will be turning clockwise 


MAGNET « 
CLOCKWISE. 
ROTATION 


| emnene] 


©) Exam Tip 

w n ; : 
It is important to remember all the steps that causes the rotation of the coil 
in a d.c. motor. 


Use Fleming's left-hand rule to convince yourself of the direction of the 
forces on each side of the coil. These should be in opposite directions 
because the direction of the current through them is in opposite directions. 
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A transformer is an electrical device that can be used to increase or decrease the 
potential difference of an alternating current (voltage transformations) 
This is achieved using the generator effect 


A basic transformer consists of: 
A primary coil 
A secondary coil 
A soft iron core 


Iron is used because it is easily magnetised 


IRON COREe 


MAGNETIC 
o FIELD IN THE 
IRON CORE 


PRIMARY 
COI SECONDARY 
‘COIL 


Structure of a transformer 
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YOUR NOTES 


EXTENDED J 


An alternating current is supplied to the primary coil 
The current is continually changing direction 
This means it will produce a changing magnetic field around the primary coil 


The iron core is easily magnetised, so the changing magnetic field passes through 
it 
As a result, there is now a changing magnetic field inside the secondary coil 
This changing field cuts through the secondary coil and induces a potential 
difference 


As the magnetic field is continually changing the potential difference induced will 
be alternating 
The alternating potential difference will have the same frequency as the 
alternating current supplied to the primary coil 


If the secondary coil is part of a complete circuit it will cause an alternating 
current to flow 


A transformer consists of a primary and secondary coil 
The primary coil is the first coil 
The second coil is the second coil 

A step-up transformer increases the potential difference of a power source 
A step-up transformer has more turns on the secondary coil than on the 
primary coil (N, > Np) 


A step-down transformer decreases the potential difference of a power source 
A step-down transformer has fewer turns on the secondary coil than on the 
primary coil (N, < Np) 
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4.4.9 Transformer Calculations YOUR ‘et 


The output potential difference (voltage) of a transformer depends on: 
The number of turns on the primary and secondary coils 
The input potential difference (voltage) 


It can be calculated using the equation: 


POTENTIAL DIFFERENCE ACROSS PRIMARY COIL NUMBER OF TURNS ON PRIMARY COIL 


POTENTIAL DIFFERENCE ACROSS SECONDARY COIL NUMBER OF TURNS ON SECONDARY COIL 


This equation can be written using symbols as follows: 


V N 
pa TE A 
V N 

S S 


Where 
V, = potential difference (voltage) across the primary coil in volts (V) 
V, = potential difference (voltage) across the secondary coil in volts (V) 
Np = number of turns on primary coil 
n; = number of turns on secondary coil 


The equation above can be flipped upside down to give: 


V N 
ee 
V N 

P P 


The equations above show that: 
The ratio of the potential differences across the primary and secondary coils 
of a transformer is equal to the ratio of the number of turns on each coil 


© Worked Example 


A transformer has 20 turns on the primary coil and 800 turns on the 
secondary coil. The input potential difference across the primary coil is 500 


V. 
a) Calculate the output potential difference 


b) State what type of transformer this is 
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Part (a) 
Step 1: List the known quantities 


e Number of turns in primary coil, M, = 20 
e Number of turns in secondary coil, A, = 800 


e Voltage in primary coil, V, = 500 V 


Step 2: Write the equation linking the output potential difference (Vs) to the known 


quantities 


e There will be less rearranging to do if V; is on the top line of the fraction 


Nes 
Np Vp 


Step 3: Rearrange the equation for V; 


Step 4: Substitute values into the equation 


7 20 7 
©) Exam Tip 
w 


When you are using the transformer equation make sure you have used the 
same letter (p or s) in the numerators (top line) of the fraction and the same 
letter (p or s) in the denominators (bottom line) of the fraction. 


There will be less rearranging to do in a calculation if the variable which you 
are trying to find is on the numerator (top line) of the fraction. 


The individual loops of wire going around each side of the transformer 
should be referred to as turns and not coils. 


Page 118 of 128 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


443/569 


Combined By NESRINE 


YOUR NOTES 
l 


(save my exams 


Head to savemyexams.co.uk for more awesome resources 


EXTENDED 


An ideal transformer would be 100% efficient 
Although transformers can increase the voltage of a power source, due to the 
law of conservation of energy, they cannot increase the power output 


If a transformer is 100% efficient: 
Input power = Output power 
The equation to calculate electrical power is: 
P=Vx! 


Where: 
P= power in Watts (W) 
V = potential difference in volts (V) 
/= current in amps (A) 


Therefore, if a transformer is 100% efficient then: 
Vp X Ip = Vs X ls 


Where: 
V, = potential difference across primary coil in volts (V) 
lp = current through primary coil in Amps (A) 
V; = potential difference across secondary coil in volts (V) 
l; = current through secondary coil in Amps (A) 


The equation above could also be written as: 
Ps = VpX Ip 


Where: 
P, = output power (power produced in secondary coil) in Watts (W) 


© Worked Example 


(J ; : bn 
A transformer in a travel adapter steps up a 115 Vac mains electricity 


supply to the 230 V needed for a hair dryer. A current of 5 A flows through 
the hairdryer. 


Assuming that the transformer is 100% efficient, calculate the current drawn 
from the mains supply. 


Step 1: List the known quantities 


Voltage in primary coil, V, = 115 V 
Voltage in secondary coil, V; = 230 V 
Current in secondary coil, /,=5A 
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Step 2: Write the equation linking the known values to the current drawn from YOUR NOTES 
the supply, lp l 


Vp X Ip = Vs X Is 
Step 3: Substitute in the known values 
115 x I, = 230x 5 


Step 4: Rearrange the equation to find /, 


230 x 5 
P 115 
Step 5: Calculate a value for /p and include the correct unit 
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Transformers have a number of roles: 


They are used to increase the potential difference of electricity before it is 
transmitted across the national grid 


They are used to lower the high voltage electricity used in power lines to the 
lower voltages used in houses 


They are used in adapters to lower mains voltage to the lower voltages used 
by many electronic devices 


Advantages of High Voltage Transmission 
When electricity is transmitted over large distances, the current in the wires heats 
them, resulting in energy loss 
To transmit the same amount of power as the input power the potential difference 
at which the electricity is transmitted should be increased 


This will result in a smaller current being transmitted through the power 
lines 


This is because P= IV, so if Vincreases, /must decrease to transmit the same 
power 


A smaller current flowing through the power lines results in less heat being 
produced in the wire 


This will reduce the energy loss in the power lines 


POWER STATION HOME 


STEP-—UP STEP-DOWN 
TRANSFORMER TRANSFORMER 


(Ø save myexams 


Electricity is transmitted at high voltage, reducing the current and hence power loss 
in the cables 


Page 121 of 128 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


446/569 


Combined By NESRINE 


YOUR NOTES 
l 


Fsave myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 
EXTENDED l 


When a current passes through a wire, the current creates a heating effect which 
means the wires warm up 
This means they lose electrical energy as heat which reduced the efficiency of the 
transformer 

This is due to electrical resistance which is present in all wires 


The power (energy per second) lost in the wire is given by the following equation 
P= PR 


Where: 
P= power in watts (W) 
/= current in amps (A) 
R =resistance in ohms (Q) 


Since the power is the energy lost per second, the total energy lost in a time twill 
be: 


E=Pxt 


Where: 
E = energy in joules (J) 
t = time in seconds (s) 


A step-up transformer may be used to increase the voltage of a power supply from 
the power station to the transmission wires 
The number of turns and voltage for the transformer is related by the following 


equation: 
V N 
es 
V N 
P P 


Where: 
Vp = potential difference (voltage) across the primary coil in volts (V) 


V; = potential difference (voltage) across the secondary coil in volts (V) 
Np = number of turns on the primary coil 
Ns = number of turns on the secondary coil 


A step-up transformer has more turns on the secondary coil, Ns, than on the 
primary coil, Np 

Since a transformer cannot output more power than is put into it, increasing the 
voltage must result in the current being lowered 


lpVp = ISVs 


Where: 
lp = current in the primary coil in amps (A) 
ls = current in the secondary coil in amps (A) 
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Lower current results in less power and energy loss in the cables YOUR NOTES 
This makes the transfer of electrical energy through the wires more efficient J 
©) Exam Tip 


If you forget the equation P= FR just remember ‘Twinkle twinkle little star, 
power equals /squared R". 
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YOUR NOTES 


4.2 Electrical Quantities l 


4.2.10 Electrical Power 


In mechanics, power Pis defined as the rate of doing work 
The potential difference is the work done per unit charge 
Current is the rate of flow of charge 


Therefore, the electrical power is defined as the rate of change of work done: 


© ENERGY (J) 


_E_W< Goel] 
E t 


° TIME (s) 


The work done is the energy transferred so the power is the energy transferred 
per second in an electrical component 


The power dissipated (produced) by an electrical device can also be written as 


P=|V 


POTENTIAL DIFFERENCE / 
VOLTAGE (V) 


Using Ohm's Law V = IR to rearrange for either Vor /and substituting into the 
power equation, means power can be written in terms of resistance R 


RESISTANCE (A) ° 
2 
V 


2 


P=PR P=> 


This means for a given resistor if the current or voltage doubles the power will be 
four times as great. 
Which equation to use will depend on whether the value of current or voltage 
has been given in the question 
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Rearranging the energy and power equation, the energy can be written as: YOUR NOTES 
E= Vit 4 


Where: 
E = energy transferred (J) 
V = potential difference (V) 
= current (A) 
t = time (s) 


© Worked Example 


Two lamps are connected in series to a 150 V power supply. 


135 V 15V 


41W 4.5 W 


Which statement most accurately describes what happens? 
A. Both lamps light normally 

B. The 15 V lamp blows 

C. Only the 41 W lamp lights 


D. Both lamps light at less than their normal brightness 


ANSWER: A 
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1 | CALCULATE CURRENT NEEDED FOR BOTH LAMPS TO OPERATE 
P=IV 


2 | REARRANGE FOR | 
ee 
TY 
3 | FOR THE AIW LAMP: 1=22™ So 3A 


1550 


= A ANS 
15V 


FOR THE 4.5W LAMP: | 0.3 A 


4 FOR BOTH TO OPERATE AT THEIR NORMAL BRIGHTNESS, A CURRENT 
OF 0.3A IS REQUIRED. 
SINCE THE LAMPS ARE CONNECTED IN SERIES, THE SAME CURRENT 
WOULD FLOW THROUGH BOTH. 


5 THE LAMPS WILL LIGHT AT THEIR NORMAL BRIGHTNESS - OPTION A 


Exam Tip 


You can use the mnemonic “Twinkle Twinkle Little Star, Power equals / 
squared R” to remember whether to multiply or divide by resistance in the 
power equations. 


When doing calculations involving electrical power, remember the unit is 
Watts W, therefore, you should always make sure that the time is in seconds 
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YOUR NOTES 
The Kilowatt Hour (kWh) l 


Energy usage in homes and businesses is calculated and compared using the 
kilowatt hour 
The kilowatt hour is defined as: 


A unit of energy equivalent to one kilowatt of power expended for one hour 


Appliances are given power ratings, which tell consumers: 


The amount of energy transferred (by electrical work) to the device every 
second 


RUSSELL HOBBS 


MODEL NO. 21600 CY) 


220-240V ~ 50/60 Hz 
2500-3000W 


MADE IN CHINA 
01816 MD 


#save my exams 


This kettle uses between 2500 and 3000 W of electrical energy 


This energy is commonly measured in kilowatt-hour (kW h), which is then used to 
calculate the cost of energy used 


Calculating with kWh 
The kilowatt hour can also be defined using an equation: 
E = Pt 
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Where YOUR NOTES 
E = energy (kWh) J 
P= power (kW) 
t = time (h) 


This equation is unusual because S.l. unit are not used, both energy and 
power are x 103, and time is in hours, not seconds 


Since the usual unit of energy is joules (J), this is the 1 Win1s 
Therefore: 


1kWh = 1000 W x 3600s = 3.6 x 10°J 


Since 1 kW = 1000 W and 1 h = 3600 s 


To convert between Joules and kW h: 
kWh x (3.6 x 106) =J 
J + (3.6 x 106) = kWh 


The kW h is a large unit of energy, and mostly used for energy in homes, 
businesses, factories and so on 


© Worked Example 


A cooker transfers 1.2 x 10? J of electrical energy to heat. How much will 
this cost if 1 kW h costs 14.2p? 


Step 1: Convert from J to kW h 
(1.2 x 10°) + (3.6 x 106) = 333.333 kW h 
Step 2: Calculate the price 
I kWh = 14.2 p 
333.333 X 14.2 = 4733 p = £47.33 
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IGCSE Physics CIE e 


CONTENTS 

5.1 The Nuclear Model of the Atom 
5.1.1 The Atom 
5.1.2 The Nucleus 
5.1.3 Protons, Neutrons & Electrons 
5.1.4 Fission & Fusion 

5.2 Radioactivity 
5.2.1 Background Radiation 


5.2.2 Types of Radiation 

5.2.3 lonising Power & Deflection 
5.2.4 Radioactive Decay 

5.2.5 Half-Life 

5.2.6 Uses of Radiation 

5.2.7 Dangers of Radiation 
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5.1 The Nuclear Model of the Atom YOUR . 


5.1.1 The Atom 


Atomic Structure 


Atoms are the building blocks of all matter 
They are incredibly small, with a radius of only 1 x 10°!° m 
o This means that about one hundred million atoms could fit side by side across 
your thumbnail 


Atoms have a tiny, dense nucleus at their centre, with electrons orbiting around 
the nucleus 

The radius of the nucleus is over 10,000 times smaller than the whole atom, but it 
contains almost all of the mass of the atom 

They consist of small dense positively charged nuclei, surrounded by negatively 
charged electrons 


œ NEGATIVE ELECTRONS 


SMALL, POSITIVELY 
e CHARGED NUCLEUS 
DIAMETER = 10°“m 


DIAMETER OF ATOM = 10m 


An atom: a small positive nucleus, surrounded by negative electrons 
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(Note: the atom is around 100,000 times larger than the nucleus!) YOUR NOTES 
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Rutherford's Experiment YOUR NOTES 
EXTENDED l 


e In 1909 a group of scientists were investigating the Plum Pudding model 
o Physicist, Ernest Rutherford was instructing two of his students, Hans Geiger 
and Ernest Marsden to carry out the experiment 
e This involved the scattering of alpha (œ) particles by a sheet of thin metal supports 
the nuclear model of the atom 
A beam of alpha particles (He?* ions) were directed at a thin gold foil 
They expected the alpha particles to travel through the gold foil, and maybe 
change direction a small amount 
Instead, they discovered that : 
o Most of the alpha particles passed straight through the foil 
o Some of the alpha particles changed direction but continued through the foil 
o A few of the alpha particles bounced back off the gold foil 


The bouncing back could not be explained by the Plum Pudding model, so a new 
model had to be created 
o This was the first evidence of the structure of the atom 


(Ø save myexams 


When a-particles are fired at thin gold foil, most of them go straight through but a 
very small number bounce straight back 


e When &-particles are fired at thin pieces of gold foil: 


o The majority of them go straight through (A) 
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This happens because the atom is mainly empty space YOUR NOTES 


o Some are deflected through small angles (B) l 
This happens because the positive &-particles are repelled by the positive 
nucleus which contains most of its mass 


o A very small number are deflected straight back (C) 
This is because the nucleus is extremely small 


Atoms & lons 


e An ion is an electrically charged atom or group of atoms formed by 
the loss or gain of electrons 
o An atom will lose or gain electrons to become more stable 
A stable atom is normally electrically neutral 
o This means it has the same number of protons (positive charge) and electrons 
(negative charge) 
Positive ions are therefore formed when atoms lose electrons 
o There will be more protons than electrons 
Negative ions are therefore formed when atoms gain electrons 
o There will be more electrons than protons 


THIS ATOM IS THIS ATOM IS 
NEGATIVELY POSITIVELY 
CHARGED CHARGED 
SAME NUMBER OF 
PROTONS AND MORE ELECTRONS MORE PROTONS 
ELECTRONS THAN PROTONS THAN ELECTRONS 
ee is P Pie 3 
/ \ / \ / \ 
fv nN \ M A N fy XN \ 
a DE E D ME SE 
\ Sot 7 VE j \ SE 
N ` Ea a F 4 NS ` Doa 
e 6 PROTONS e 6 PROTONS e 6 PROTONS 


@ 6 NEUTRONS 
e 6 ELECTRONS 


@ 6 NEUTRONS 
e 7 ELECTRONS 


@ 6 NEUTRONS 
e 5 ELECTRONS 


The difference between positive and negative ions 


©) Exam Tip 
~ You may hear the term ‘net charge’. This just means the ‘overall’ charge of 


the atom. If an atom has 5 protons, 5 neutrons and 6 electrons, it has a net 
negative charge because it's a negative ion (more electrons than protons). 


Remember which way around the charges are by proton being positive. 


Page 5 of 64 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_— 


458/569 


save myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


5.1.2 The Nucleus YOUR i 


Composition of the Nucleus 


e The structure of the atom is made up of a: 
o Positively charged nucleus at the centre (made up protons and neutrons) 
o Negatively charged electrons in orbit around the nucleus 


@ = PROTON 


© =NEUTRON 


@ =ELECTRON 


#savemyexams 


Protons and neutrons are found in the nucleus of an atom 


e Protons have a positive charge, whilst neutrons have no charge 
o This is why the nucleus is overall positive 


©) Exam Tip 


Be careful with your terminology: 


e Atom = nucleus (proton and neutron) and electrons 
e Nucleus = protons and neutrons at the centre of the atom 
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Describing the Nucleus YOUR NOTES 


Define the terms proton number (atomic number) Z and nucleon number (mass l 
number) A and be able to calculate the number of neutrons in a nucleus 


Proton Number, Z 
e The number of protons in an atom is called its proton number (it can also be called 
the atomic number) 
o Elements in the periodic table are ordered by their atomic number 
o Therefore, the number of protons determines which element an atom is 


e The atomic number of a particular element is always the same 

e For example: 
o Hydrogen has an atomic number of 1. It always has just one proton 
o Sodium has an atomic number of 11. It has 11 protons 
o Uranium has an atomic number of 92. It has 92 protons 


e The atomic number is also equal to the number of electrons in an atom 
o This is because atoms have the same number of electrons and protons in 
order to have no overall charge 


Nucleon Number, A 
e The total number of particles in the nucleus of an atom is called its nucleon 
number (or mass number) 
e The mass number is the number of protons and neutrons in the atom 
e The number of neutrons can be found by subtracting the atomic number from the 
mass number 


Number of Neutrons = Nucleon Number - Proton Number 


e For example, if a sodium atom has a mass number of 23 and an atomic number of 
11, then the number of neutrons would be 23 - 11 = 12 


©) Exam Tip 
You may have noticed that the number of electrons is not part of the mass 
number. This is because electrons have a tiny mass compared to neutrons 
and protons. We say their mass is negligible when compared to the particles 
in the nucleus. 
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Nuclide Notation YOUR NOTES 
e A nuclide is a group of atoms containing the same number of protons and J 
neutrons 
o For example, 5 atoms of oxygen are all the same nuclide but are 5 separate 
atoms 


e Atomic symbols are written in a specific notation called nuclide or AZX notation 


NUCLEON NUMBER e 
A , CHEMICAL SYMBOL 
Zz FOR THE ELEMENT 
PROTON NUMBER œ 


Atomic symbols in AZX Notation describe the constituents of nuclei 


The top number A represents the nucleon number or the mass number 
o Nucleon number (A) = total number of protons and neutrons in the nucleus 


The lower number Z represents the proton or atomic number 
o Proton number (Z) = total number of protons in the nucleus 


e Note: In Chemistry, the nucleon number is referred to as the mass number and the 
proton number as the atomic number. The periodic table is ordered by atomic 
number 


e An example of an atomic symbol is: 


MASS NUMBER N P 
ATOMIC NUMBER! 3 | 


Atomic symbols, like the one above, describe the constituents of nuclei 


e When given an atomic symbol, you can figure out the total number of protons, 
neutrons and electrons in the atom: 
o Protons: The number of protons is equal to the proton number 
o Electrons: Atoms are neutral, and so in a neutral atom the number of negative 
electrons must be equal to the number of positive protons 
o Neutrons: The number of neutrons can be found by subtracting the proton 
number from the nucleon number 
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e The term nucleon is used to mean a particle in the nucleus - ie. either a proton or YOUR NOTES 
a neutron l 


e The term nuclide is used to refer to a nucleus with a specific combination of 
protons and neutrons 


9 Worked Example 


The element symbol for gold is Au. How many protons, neutrons and 


electrons are in the gold atom? 
197 À 


Protons Neutrons Electrons 


ANSWER: D 
Step 1: Determine the atomic and mass number 


o The gold atom has an atomic number of 79 (lower number) and a mass 
number of 197 (top number) 


Step 2: Determine the number of protons 


o The atomic number is equal to the number of protons 
o The atom has 79 protons 


Step 3: Calculate the number of neutrons 


o The mass number is equal to the number of protons and neutrons 
o The number of neutrons is equal to the mass number minus the atomic 
number 


197 - 79 = 118 
o The atom has 118 neutrons 
Step 4: Determine the number of electrons 


o An atom has the same number of protons and electrons 
o The atom has 79 electrons 
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Isotopes YOUR NOTES 


e Although the number of protons in a particular element is always the same, the l 
number of neutrons can be different 
e Isotopes are atoms of the same element that have an equal number of protons but 
a different number of neutrons 
o This means that each element can have more than one isotope 
e Isotopes tend to be more unstable due to their imbalance of protons and neutrons 
o This means they're more likely to decay 
e In the diagram below are three isotopes of Hydrogen: 


@ = proton © = NEUTRON @ = ELECTRON 


OO 


HYDROGEN DEUTERIUM TRITIUM 
H gs SH 
4 


1 1 
(4 PROTON, (4 PROTON, (4 PROTON, 
O NEUTRONS) 4 NEUTRON) 2 NEUTRONS) 


Hydrogen has three isotopes, each with a different number of neutrons 


e Isotopes occur naturally, but some are more rare than others 
e For example, about 2 in every 10,000 Hydrogen atoms is Deuterium 
o Tritium is even more rare (about 1 in every billion billion hydrogen atoms) 
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YOUR NOTES 


© Worked Example l 


Which of the following elements are isotopes of each other? 


35C1 and acl 
au and oe 
vc and 14C 
1O and "N 


01|O| ws] > 


Answer: B 


e In nuclide notion, the top number is the nucleon number (number of protons and 
neutrons) and the bottom number is the proton number (number of protons) 
e Isotopes are two of the same elements 
o This eliminates option D since one is oxygen (O) and the other nitrogen (N) 
e Which have the same number of protons 
o This eliminates option C and A 
o Their proton numbers are different for the same element 
e But a different number of neutrons 
o Therefore, the correct answer is B 
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5.1.3 Protons, Neutrons & Electrons YOUR . 


Relative Charge 


e The different particles that make up atoms have different properties 
e Relative mass is a way of comparing particles. It is measured in atomic mass units 
(amu) 
o A relative mass of 1 is equal to mass of 1.67 x 10-2” kg 
e Charge can be positive or negative 
o Relative charge is, again, used to compare particles 
e The fundamental charge is equal to the size of the charge on a proton and an 
electron, however the electron's charge is negative 
e The properties of each of the particles are shown in the table below: 


Table of Relative Charge & Mass 


PARTICLE RELATIVE CHARGE RELATIVE MASS 


ELECTRON 4/2000 (NEGLIGIBLE) 


e If have a particle has O relative charge, this means it is neutral 
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Nuclear Charge YOUR NOTES 
e Nuclear charge is normally stated as the relative charge of the nucleus J 
© The term 'relative' refers to the charge of the particle divided by the charge of 


the proton 
e The proton number is the number of protons in a nucleus 
e Since nuclei are made up of only protons and neutrons, the proton number 
determines the relative charge on a nucleus 


9 Worked Example 


What is the relative charge of the Chromium nucleus 52Cr? 


Step 1: Determine the number of protons 


e The number of protons is the proton number 
e This is the bottom number in the AZX notation 


NUCLEON NUMBER 2}. 
A CHEMICAL SYMBOL 
FOR THE ELEMENT 


Z 


PROTON NUMBER + 


o This Chromium nucleus has 24 protons and neutrons 
Step 2: State the relative mass of 1 proton 
e 1 proton has a relative charge of +1 
Step 3: Multiple relative charge of 1 proton by the number of protons 
e This nucleus of Chromium therefore has a relative charge of +24 


©) Exam Tip 


Charge can be either positive (+) or negative (-). Therefore, remember to 
include the sign when writing the relative charge! 
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Nuclear Mass YOUR NOTES 
l 


e Nuclear mass is stated as the relative mass of the nucleus 
o The term 'relative' refers to the mass of the particle divided by the mass of the 


proton 
e The mass number is the total number of protons and neutrons in the nucleus 
e The nucleon number (mass number) determines the relative mass of a nucleus 


© Worked Example 


What is the relative mass of the Chromium nucleus 3 Cr? 


Step 1: Determine the number of protons and neutrons 


e The number of protons and neutrons is the mass (nucleon) number 
e This is the top number in the AZX notation 


NUCLEON NUMBER 2}. 
A CHEMICAL SYMBOL 
Z FOR THE ELEMENT 


PROTON NUMBER + 


o This Chromium nucleus has 52 protons and neutrons 


Step 2: State the relative mass of 1 proton and neutron 


e 1 proton has a relative mass of 1 
e 1 neutron has a relative mass of 1 


Step 3: Multiple relative charge of 1 proton and neutron by number of protons and 
neutrons 


e This nucleus of Chromium therefore has a relative mass of 52 


©) Exam Tip 


= The relative mass of a nucleus only includes the protons and neutrons. 
However, this is pretty much the relative mass of the whole atom because 
electrons have negligible (very little) mass in comparison to the proton and 
neutron. 


Page 14 of 64 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


467/569 


save myexams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


5.1.4 Fission & Fusion YOUR n 


Fission & Fusion 
Nuclear Fission 


e There is a lot of energy stored within the nucleus of an atom 
o This energy can be released in a nuclear reaction such as fission 


Nuclear fission is defined as: 


The splitting of a large, unstable nucleus into two smaller nuclei 


Isotopes of uranium and plutonium both undergo fission and are used as fuels in 
nuclear power stations 
During fission, when a neutron collides with an unstable nucleus, the nucleus 
splits into two smaller nuclei (called daughter nuclei) as well as two or three 
neutrons 

o Gamma rays are also emitted 


2 OR 3 NEUTRONS e 


DAUGHTER NUCLEI e f 


URANIUM -235 e 


@save myexams 


Large nuclei can decay by fission to produce smaller nuclei and neutrons with a lot of 
kinetic energy 


e The products of fission move away very quickly 
o Energy transferred is from nuclear potential energy to kinetic energy 
e The mass of the products (daughter nuclei and neutrons) is less than the mass of 
the original nucleus 
o This is because the remaining mass has been converted into energy which is 
released during the fission process 


e The processes involved in nuclear fission can be shown in different ways as 
diagrams 


Page 15 of 64 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


—_— 


468/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


e These diagrams show how the reaction happens in a way that is easy to YOUR NOTES 
understand J 


NUCLEAR FISSION 


FISSION 
PRODUCT 


O 


= () 


NEUTRON 


O = 


NEUTRON 


TARGET 
NUCLEUS 
NEUTRON 


FISSION 
PRODUCT 


A neutron is fired into the target nucleus, causing it to split 


e The diagram above is useful because it shows clearly the different parts of the 
fission reaction 
e An example of a nuclide equation for fission is: 


2351] + In > 92 + 141 +3In+ 
oa oP 36 KT 564 3 on tenergy 


e Where: 
o U is an unstable isotope of Uranium 


o on is a neutron 
o Kr us an unstable isotope of Krypton 
o 141 Ba is an unstable isotope of Barium 


e The above equation represents a fission reaction in which a Uranium nucleus is hit 
with a neutron and splits into two smaller nuclei - a Krypton nucleus and a Barium 
nucleus, releasing three neutrons in the process 

o The sum of top (nucleon) numbers on the left-hand side equals the sum of top 
number on the right-hand side: 


235 + 1 = 92 + 141 + (3 x 1) 


o The same is true for the lower (proton) numbers: 
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92 + 0 = 36+ 56 + (2 x 0) YOUR NOTES 


Nuclear Fusion l 


Small nuclei can react to release energy in a process called nuclear fusion 
Nuclear fusion is defined as: 


When two light nuclei join to form a heavier nucleus 


This process requires extremely high temperatures to maintain 
o This is why nuclear fusion has proven very hard to reproduce on Earth 


Stars use nuclear fusion to produce energy 
In most stars, hydrogen atoms are fused together to form helium and produce lots 
of energy 


Ea O 


(Ø savemyexams 


Two hydrogen nuclei are fusing to form a helium nuclei 


The energy produced during nuclear fusion comes from a very small amount of the 
particle’s mass being converted into energy 
Albert Einstein described the mass-energy equivalence with his famous equation: 


E=mx c? 
Where: 
o E= energy released from fusion in Joules (J) 
o m = mass converted into energy in kilograms (kg) 
o c= the speed of light in metres per second (m/s) 
Therefore, the mass of the product (fused nucleus) is less than the mass of the two 
original nuclei 
o This is because the remaining mass has been converted into energy which is 
released when the nuclei fuse 


The amount of energy released during nuclear fusion is huge: 
o The energy from 1 kg of hydrogen that undergoes fusion is equivalent to the 
energy from burning about 10 million kilograms of coal 


An example of a nuclide equation for fusion is: 
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?H+ 1H > 3He + energy YOUR NOTES 


l 
e Where: 


o H is deuterium (isotope of hydrogen with 1 proton and 1 neutron) 
o 'H is hydrogen (with one proton) 


o 3He is an isotope with helium (with two protons and one neutron) 


9 Worked Example 


A nuclide equation for nuclear fission is stated as: 
235 4 96 137 4 
oY + oN > 37Rb + Cs + Non 


Calculate the number of neutrons, N emitted in this reaction. 


Step 1: Calculate the nucleon number on the left side of the equation 
235 + 1 = 236 
Step 2: Calculate the nucleon number on the right side of the equation 
96 + 138 + N = 233 +N 
Step 3: Equate the nucleon number for both sides of the equation 
236 = 233 + N 
Step 4: Rearrange for the number of neutrons, N 


N = 236 - 233 = 3 
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5.2 Radioactivity YOUR . 


Background Radiation 


It is important to remember that radiation is a natural phenomenon 
Radioactive elements have always existed on Earth and in outer space 
However, human activity has added to the amount of radiation that humans are 
exposed to on Earth 


Background radiation is defined as: 


The radiation that exists around us all the time 


There are two types of background radiation: 
o Natural sources 
o Man-made sources 


SOURCES OF BACKGROUND RADIATION 


Background radiation is the radiation that is present all around in the environment. 
Radon gas is given off from some types of rock 


e Every second of the day there is some radiation emanating from natural sources 
such as: 
o Rocks 
o Cosmic rays from space 
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o Foods YOUR NOTES 


e Although most background radiation is natural, a small amount of it comes from 4 
artificial sources, such as medical procedures (including X-rays) 
e Levels of background radiation can vary significantly from place to place 
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Sources of Background Radiation YOUR NOTES 


e Background radiation can come from natural sources on Earth or space and man- l 
made sources 


Natural Sources 


e Radon gas (in the air) 
o Airborne radon comes from the ground 
o This is from the natural decay of uranium in rocks and soil 
o The gas is tasteless, colourless and oderless but it not generally a health 
issue 


e Rocks and Buildings 
o Heavy radioactive elements, such as uranium and thorium, occur naturally in 
rocks in the ground 
o Uranium decays into radon gas, which is an alpha emitter 
o This is particularly dangerous if inhaled into the lungs in large quantities 
o Natural radioactivity can be found in building materials, including decorative 
rocks, stone and brick 


e Cosmic rays from space 
o The sun emits an enormous number of protons every second 
o Some of these enter the Earth’s atmosphere at high speeds 
o When they collide with molecules in the air, this leads to the production of 
gamma radiation 
o Other sources of cosmic rays are supernovae and other high energy cosmic 
events 


e Carbon-14 in biological material 
o All organic matter contains a tiny amount of carbon-14 
o Living plants and animals constantly replace the supply of carbon in their 
systems hence the amount of carbon-14 in the system stays almost constant 


e Radioactive material in food and drink 
o Naturally occurring radioactive elements can get into food and water since 
they are in contact with rocks and soil containing these elements 
o Some foods contain higher amounts such as potassium-40 in bananas 
o However, the amount of radioactive material is minuscule and is not a cause 
for concern 


Man-Made Sources 


e Medical sources 
o In medicine, radiation is utilised all the time 
o Uses include X-rays, CT scans, radioactive tracers, and radiation therapy 


e Nuclear waste 
o While nuclear waste itself does not contribute much to background radiation, 
it can be dangerous for the people handling it 


e Nuclear fallout from nuclear weapons 
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o Fallout is the residue radioactive material that is thrown into the air after a YOUR NOTES 
nuclear explosion, such as the bomb that exploded at Hiroshima J 

o While the amount of fallout in the environment is presently very low, it would 
increase significantly in areas where nuclear weapons are tested 


e Nuclear accidents 
o Accidents such as that in Chernobyl contributed a large dose of radiation into 
the environment 
o While these accidents are now extremely rare, they can be catastrophic and 
render areas devastated for centuries 


©) Exam Tip 
= The sources that make the most significant contribution are the natural 
sources: 


e Radon gas 

e Rocks and buildings 
e Food and drink 

e Cosmic rays 


Make sure you remember these for your exam! 
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Detecting Radiation 


e It is important to regulate the exposure of humans to radiation 
o The amount of radiation received by a person is called the dose 
e lonising nuclear radiation is measured using a detector connected to a counter 


Count Rate 


e Count rate is the number of decays per second recorded by a detector and 
recorded by the counter 
o It is measured in counts/s or counts/min 
e The count rate decreases the further the detector is from the source 
o This is because the radiation becomes more spread out the further away it is 
from the source 


Geiger-Miuller tube 


e The Geiger-Miller tube is the most common device used to measure and detect 
radiation 


e Each time it absorbs radiation, it transmits an electrical pulse to a counting 
machine 
o This makes a clicking sound or displays the count rate 
e The greater the frequency of clicks, or the higher the count rate, the more 
radiation the Geiger-Muller tube is absorbing 
o Therefore, it matters how close the tube is to the radiation source 
o The further away from the source, the lower the count rate detected 


@savemyexams 


A Geiger-Miuller tube (or Geiger counter) is a common type of radiation detector 
Examples of other radiation detectors include: 


e Photographic film (often used in badges) 
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e lonisation chambers YOUR NOTES 
e Scintillation counters J 
e Spark counters 


© Worked Example 


A Geiger-Miuller tube is used to detect radiation in a particular location. If it 
counts 16,000 decays in 1 hour, what is the count rate? 


Step 1: Identify the different variables 


© The number of decays is 16 000 
o The time is 1 hour 


Step 2: Determine the time period in seconds 
o 1 hour is equal to 60 minutes, and 1 minute is equal to 60 seconds 
Time period = 1 x 60 x 60 = 3600 seconds 
Step 3: Divide the total counts by the time period in seconds 
Counts + Time period = 16 000 + 3600 = 4.5 


o Therefore, there are 4.5 decays per second 


©) Exam Tip 

> If asked to name a device for detecting radiation, the Geiger-Miuller tube is a 
good example to give. You can also refer to it as a GM tube, a GM detector, 
GM counter, Geiger counter etc. (The examiners will allow some level of 
misspelling, providing it is readable). Don’t, however, refer to it as a 
‘radiation detector’ as this is too vague and may simply restate what was 
asked for in the question. 
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Accounting for Background Radiation YOUR NOTES 
EXTENDED l 


e Background radiation must be accounted for when taking readings in a laboratory 
e This can be done by taking readings with no radioactive source present and then 
subtracting this from readings with the source present 
o This is known as the corrected count rate 


© Worked Example 
@ 
A student is using a Geiger-counter to measure the counts per minute at 


different distances from a source of radiation. Their results and a graph of 
the results are shown here. 


RESULTS TABLE 
Distance from Counts per GRAPH 


source (m) minute COUNTS PER 
MINUTE 
a p] a 
0) 0.5 4 1.5 


Determine the background radiation count. 


Step 1: Determine the point at which the source radiation stops being detected 


o The background radiation is the amount of radiation received all the time 

o When the source is moved back far enough it is all absorbed by the air before 
reaching the Geiger-counter 

o Results after 1 metre do not change 

o Therefore, the amount after 1 metre is only due to background radiation 


Step 2: State the background radiation count 


o The background radiation count is 15 counts per minute 
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5.2.2 Types of Radiation YOUR n 


Radioactive Decay 


e Some atomic nuclei are unstable 
e This is because of an imbalance in the forces within the nucleus 


o Forces exist between the particles in the nucleus 
o This is commonly due to the nucleus have too many protons or neutrons 


e Carbon-14 is an isotope of carbon which is unstable 
o It has two extra neutrons compared to stable carbon-12 


Nig 
NS 


CARBON~-12 CARBON-14 


Carbon-12 is stable, whereas carbon-14 is unstable. This is because carbon-14 has 
two extra neutrons 


EXTRA 
? NEUTRONS 


Some isotopes are unstable because of their large size or because they have too 
many or too few neutrons 


Unstable nuclei can emit radiation to become more stable 
Radiation can be in the form of a high energy particle or wave 


RADIATION 


Unstable nuclei decay by emitting high energy particles or waves 
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As the radiation moves away from the nucleus, it takes some energy with it YOUR NOTES 
This reduces the overall energy of the nucleus J 
This makes the nucleus more stable 


The process of emitting radiation is called radioactive decay 

Radioactive decay is a random process 
This means it is not possible to know exactly when a particular nucleus will 
decay 


It cannot be predicted when a particular unstable nucleus will decay 


This is because radioactive decay is a random process, this means that: 
There is an equal probability of any nucleus decaying 
It cannot be known which particular nucleus will decay next 
It cannot be known at what time a particular nucleus will decay 
The rate of decay is unaffected by the surrounding conditions 


It is only possible to estimate the probability of a nuclei decaying in a given 
time period 


Therefore, the emission of radiation is: 
Spontaneous 
Random in direction 


© Worked Example 


Which of the following statements is not true? 


A Isotopes can be unstable because they have too many or too few 
neutrons 


B The process of emitting particles or waves of energy from an 
unstable nucleus is called radioactive decay 


C Scientists can predict when a nucleus will decay 


D Radiation refers to the particles or waves emitted from a decaying 
nucleus 


ANSWER: C 


Answer A is true. The number of neutrons in a nucleus determines the stability 
Answer B is true. This is a suitable description of radioactive decay 

Answer D is true. Radiation is about emissions. It is different to radioactive 
particles 

Answer C is not true 

Radioactive decay is a random process 

It is not possible to predict precisely when a particular nucleus will decay 
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YOUR NOTES 


©) Exam Tip I 


The terms unstable, random and decay have very particular meanings in 
this topic. Remember to use them correctly when answering questions! 
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When an unstable nucleus decays, it emits radiation called nuclear radiation 
There are different types of radiation that can be emitted: 

Alpha (œ) particles 

Beta (f°) particles 

Gamma (y) radiation 
These changes are spontaneous and random 


Alpha Particles 
The symbol for alpha is « 
An alpha particle is the same as a helium nucleus 
This is because they consist of two neutrons and two protons 


Alpha particles have a charge of +2 
This means they can be affected by an electric field 


Beta Particles 
The symbol for beta is B7 
Beta particles are fast-moving electrons 


They are produced in nuclei when a neutron changes into a proton and an electron 
Beta particles have a charge of -1 


This means they can be affected by an electric field 


Gamma Rays 


The symbol for gamma is y 
Gamma rays are electromagnetic waves 


They have the highest energy of the different types of electromagnetic waves 
Gamma rays have no charge 


ALPHA PARTICLE BETA PARTICLE GAMMA RAY 


ELECTRON EM WAVE 


save my exams 


2 PROTONS 
2 NEUTRONS 
Alpha particles, beta particles and gamma waves can be emitted from unstable nuclei 
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aX, B and y radiation can be identified by the emission from a nucleus by recalling 
their: 
Nature (what type of particle or radiation they are) 
Their relative ionising effects (how easily they ionise other atoms) 
Their relative penetrating abilities (how far can they travel before they are 
stopped completely) 


The properties of Alpha, Beta and Gamma are given in this table, and then 
described in more detail below 


Different Properties of Nuclear Radiation 


Particle Whatis it Charge Rangeinagir Penetration lonisation 


Alpha (q) 2 protons +2 Few cm Stopped by High 
+ 2 neutrons pdper 


Beta (Bo Electron =] Few 10s of cm | Stopped by few Medium 
mm Aluminium 
Gamma (¥) | Electromagnetic Infinite Reduced by few Low 
wave mm Lead 


The trend down the table shows: 
The range increases 
Penetrating power increases 
lonisation decreases 


Penetrating Power 


Alpha, beta and gamma have different properties 
They penetrate materials in different ways 
This means they are stopped by different materials 
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ALPHA PARTICLES 


BETA PARTICLES 


ama 
GAMMA RAYS | 
v. 
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Alpha, beta and gamma are different in how they penetrate materials. Alpha is the 
least penetrating, and gamma is the most penetrating 


Alpha is stopped by paper, whereas beta and gamma pass through it 
Beta is stopped by a few millimetres of aluminium 
Gamma can pass through aluminium 


Gamma rays are only partially stopped by thick lead 
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© Worked Example I 


A student has an unknown radioactive source. They are trying to work 
which type of radiation is being given off: 


A Alpha particles 
B Beta particles 
C Gamma rays 

D Neutrons 


They measure the count-rate, using a Geiger-Muller tube, when the source 
is placed behind different material. Their results are shown in the table 
below: 


No material Paper 5mm Aluminium 5 mm Lead 


Between Between Between Source Between 
Sourceand Sourceand and Detector Source and 
Detector Detector Detector 


Which type of radiation is being given off by the source? 


ANSWER: B 


The answer is not A because the radiation passed through the paper almost 
unchanged 
This means it is not alpha 


The answer is not C or D because the aluminium decreased the count-rate 
significantly 
This means it is not gamma (gamma penetrates aluminium) 
This also means it is not neutrons (neutrons penetrate aluminium, 
however you do not need to know this for your GCSE) 


Therefore, the source must be Beta particles 


©) Exam Tip 


brs Remembering the type of particle, penetration and ionising power for alpha, 
beta and gamma radiation is very important for your exam! Often the exam 
question will give some clues and you will have to choose which type of 
radiation it could be based off these. 
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5.2.3 lonising Power & Deflection 


EXTENDED 


lonisation is the process of which an atom becomes negative or positive by gaining 
or losing electrons 
All nuclear radiation is capable of ionising atoms that it hits 

When an atom is ionised, the number of electrons it has changes 
This is mostly done by knocking out an electron so the atom loses a negative 
charge and is left overall positive 


RADIATION ¢ 
ELECTRON ¢ 


ELECTRON e€ 


(Ø save my exams 


When radiation passes close to atoms it can knock out electrons, ionising the atom 


Alpha is by far the most ionising form of radiation 
Alpha particles leave a dense trail of ions behind them, affecting virtually every 
atom they meet 
Because of this they quickly lose their energy and so have a short range 
Their short range makes them relatively harmless if handled carefully, but they 
have the potential to be extremely dangerous if the alpha emitter enters the 
body 


Beta particles are moderately ionising 
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The particles create a less dense trail of ions than alpha, and consequently YOUR NOTES 
have a longer range J 

They tend to be more dangerous than alpha because they are able to travel 

further and penetrate the skin, and yet are still ionising enough to cause 

significant damage 


Gamma is the least ionising form of radiation (although it is still dangerous) 
Because Gamma rays don’t produce as many ions as alpha or beta, they are 
more penetrating and have a greater range 
This can make them hazardous in large amounts 


The ionising effects depend on the kinetic energy and charge of the type of 
radiation 


The greater the charge of the radiation, the more ionising it is 
This means alpha radiation is the most ionising as it has a charge of +2 
A beta particle has a charge of -1 so is moderately ionising 
This means gamma radiation is the least ionising as it has a charge of 0 (no 
charge) 


The higher the kinetic energy of the radiation, the more ionising it is 
This means alpha particle is still the most ionising because it has the greatest 
mass 
However, a beta particle is very light (it is an electron) but travels at high 
speeds, therefore, it has a lot of kinetic energy and is still moderately ionising 
Gamma radiation has virtually no mass so is weakly ionising 


©) Exam Tip 


™ Remembering the properties of alpha, beta and gamma radiation really 


helps with deducing how much ionising power they have. E.g. An alpha 
particle is a helium nucleus which contains two protons and two neutrons. It 
therefore has a charge of +2 since each proton has a charge of +l anda 
neutron has no charge. 


Kinetic energy is defined by the equation mv therefore it depends on the 


mass mof the particle and its velocity v. 
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A particle is deflected in an electric field if it has charge 
A particle is deflected in a magnetic field if it has charge and is moving 
perpendicular to it 
Therefore, since gamma (y) particles have no charge, they are not deflected by 
either electric or magnetic fields 
Only alpha (œ) and beta (ß) particles are 


Electric Fields 


Alpha particles have a charge of +2 (charge of a helium nucleus) 
Beta particles have a charge of +1 (charge of an electron) 
Therefore, between an electric field created between a negatively charged and 
positively charged plate 
Alpha particles are deflected towards the negative plate 
Beta particles are deflected towards the positive plate 


Gamma radiation is not deflected and travels straight through between the 
plates 


Alpha and Beta particles can be deflected by electric fields 


Alpha particles are heavier than beta particles 
Therefore, beta particles are deflected more in the electric field and alpha is 
deflected less 
Magnetic Fields 
Similarly, alpha and beta particles are deflected by magnetic fields whilst they are 
moving 


They are deflected in opposite directions due to their opposite charges 
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> BETA PARTICLE 


C 3 j 


Alpha and Beta particles can also be deflected by magnetic fields 


© Exam Tip 

> Itis important to note that because of their opposite charges, alpha and beta 
particles will deflect in opposite directions. You do not need to know which 
direction alpha and beta particles are deflected in a magnetic field (this is 
covered at A-level) but you should know that they are deflected, whilst 
gamma is not because they are charged and they deflect in opposite 
directions. 
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5.2.4 Radioactive Decay 


EXTENDED 


The most stable nuclei have roughly the same number of protons to neutrons 
If there were too many protons, then the repulsive force caused by them all 
having the same positive charge which cause the nucleus to repel when it 
becomes very large 

Therefore, if a nucleus has an imbalance of protons or neutrons, it is more likely to 

decay into small nuclei until it gets to a stable nucleus with roughly the same 

number of each 

Therefore, Isotopes of an element may be radioactive due to: 

An excess of neutrons in the nucleus 
The nucleus being too heavy 
An example of these are the isotope of hydrogen-1 


Hydrogen Isotopes 


ISOTOPE ATOMIC STRUCTURE 


o Q NEUTRONS 


© | ELECTRON 


SYMBOL 


m 
a 


HYDROGEN —1 


9 4 PROTON 


HYDROGEN — 2 


o 4 NEUTRON 


©“ ELECTRON 


© 4 PROTON 


HYDROGEN — 3 
© 2 NEUTRONS 


4 ELECTRON 


6 


H-1 is the stable nucleus of hydrogen 
H-2 (deuterium) adds on one more neutron 
H-3 (tritium) adds on another neutron, making 2 neutrons to 1 proton. This is 
much more unstable than H-1 or H-2 
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If an nucleus is too heavy, this means it has too many protons and neutrons YOUR NOTES 
The forces in the nucleus will be weaker in keeping the protons and neutrons J 
together 


This can also cause the nucleus to decay 
An example of this is Uranium-238 which is used in nuclear fission 

This nucleus has 238 protons and neutrons 
The decay of Uranium-238 gradually reduces the mass number of the element 
which it decays into 

This is done through alpha (a) or beta (8) decay 


Uranium-238 Decay Chain 


URANIUM—238 DECAY CHAIN 
NUCLIDE HALF-LIFE 
2385 
X URANIUM- 238 4.540? years 
234- gh 
aS THORIUM-234 24.5 days 
a 2304 é> B DECAY PROTACTINIUM-234 4.44 minutes 
5 
E 226- URANIUM- 234 2.33108 years 
g z „ @ THORIUM-230 8.3140% years 
Š 2224 -hg 
2 2 RADIUM-226 4590 years 
a 
9 a- 5 4 RADON-222 3.825 days 
a 
2 ad £ © PoLoniuM-248 3.05 minutes 
w 
5 @ LeAD-244 26.8 minutes 
210- a P @ BismuTH-214 49.7 minutes 
206 fj~—~ jf | A S ae POLONIUM-244 45x10" seconds 
82 83 84 85 86 87 88 89 90 91 92 LEAD-240 oo eae 
Pb Bi Po At Rn Fr Ra Ac Th Pa U RPS REVMA Bas 
NUMBER OF PROTONS, Z P @ rotonum-240 Arendt 
@ LEAD-206 STABLE 


©) Exam Tip 


The notation of C-12 for example, means the element 'Carbon' with the 
mass (or nucleon) number of 12. 
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YOUR NOTES 


During &-decay or B-decay, the nucleus changes to a different element J 
The initial nucleus is often called the parent nucleus 
The nucleus of the new element is often called the daughter nucleus 


4 OO ALPHA PARTICLE (A) 
SHe 


> DAUGHTER 
NUCLEUS 
PARENT NUCLEUS 


@ = NEUTRON @ = PROTON 


Alpha decay creating change a parent nucleus to a daughter nucleus of a new element 


The daughter nucleus is a new element because it has a different proton and/or 
nucleon number to the original parent nucleus 
This can be seen on a graph of N (neutron number) against Z (proton number) 


146 

| 445 ER 

N 444 
143 


142 


4141 


140 


90 94 92 93 94 95 
1. —— 


Graph of N against Z for the decay of Pu- 239 


When Pu-239 decays by alpha to U-235, it loses 2 protons and 2 neutrons 
U (Uranium) is a completely different element to Pu (Plutonium) 
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EXTENDED 


A nucleus decays to increase its stability by reducing the number of excess 
neutrons 
This is done by alpha or beta decay 
If the nucleus has too much energy, this is given off in the form of radiation 
This is often gamma radiation 


Alpha Decay 


During alpha decay an alpha particle is emitted from an unstable nucleus 
A completely new element is formed in the process 


e ALPHA PARTICLE (A) 
sHe 


DAUGHTER 
NUCLEUS 


PARENT NUCLEUS 


@ = NEUTRON @ = PROTON 


Alpha decay usually happens in large unstable nuclei, causing the overall mass and 
charge of the nucleus to decrease 


An alpha particle is a helium nucleus 
It is made of 2 protons and 2 neutrons 


When the alpha particle is emitted from the unstable nucleus, the mass number 
and atomic number of the nucleus changes 

The mass number decreases by 4 

The atomic number decreases by 2 


The charge on the nucleus also decreases by 2 
This is because protons have a charge of +1 each 
Beta Decay 
During beta decay, a neutron changes into a proton and an electron 


The electron is emitted and the proton remains in the nuclei 


A completely new element is formed because the atomic number changes 
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M YOUR NOTES 
aA 
Zo l 


Beta decay often happens in unstable nuclei that have too many neutrons. The mass 
number stays the same, but the atomic number increases by one 


A beta particle is a high-speed electron 
It has a mass number of 0 
This is because the electron has a negligible mass, compared to neutrons and 


protons 


Therefore, the mass number of the decaying nuclei remains the same 

Electrons have an atomic number of -1 
This means that the new nuclei will increase its atomic number by 1 in order 
to maintain the overall atomic number before and after the decay 


The following equation shows carbon-14 undergoing beta decay 
It forms nitrogen-14 and a beta particle 
Beta particles are written as an electron in this equation 


Gamma Decay 
During gamma decay, a gamma ray is emitted from an unstable nucleus 
The process that makes the nucleus less energetic but does not change its 
structure 
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Gamma decay does not affect the mass number or the atomic number of the YOUR NOTES 
radioactive nucleus, but it does reduce the energy of the nucleus J 


The gamma ray that is emitted has a lot of energy, but no mass or charge 


©) Exam Tip 


> There is a second form of beta decay during which a proton changes into a 
neutron. This is called beta-plus decay - you might come across it while 
revising, but you don't need to know about it for your exam. Only use the 
information here for your iGCSE. 


It is easy to forget that an alpha particle is a helium nucleus, or that a beta 
particle is an electron. Look out for either wording! 
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EXTENDED 


Radioactive decay events can be shown using a decay equation 

A decay equation is similar to a chemical reaction equation 
The particles present before the decay are shown before the arrow 
The particles produced in the decay are shown after the arrow 


During decay equations the sum of the mass and atomic numbers before the 
reaction must be the same as the sum of the mass and atomic numbers after the 
reaction 


The following decay equation shows Polonium-212 undergoing alpha decay 
It forms Lead-208 and an alpha particle 
An alpha particle can also be written as a helium nucleus (Symbol He) 


A A-4 4 
7K fig. ¥ + 30 


208 4 
g. ries a oe + Q 


The polonium nucleus emits an alpha particle, causing its mass and charge to 
decrease. This means it changes into a new element 


Alpha Decay Equation 


When the alpha particle is emitted from the unstable nucleus, the mass number 
and atomic number of the nucleus changes 

The mass number decreases by 4 

The atomic number decreases by 2 


MASS NUMBER 
DECREASES BY 4 


ATOMIC NUMBER 
DECREASES BY 2 
Alpha decay equation 


Beta Decay Equation 


During beta decay, a neutron changes into a proton and an electron 
The electron is emitted and the proton remains in the nuclei 
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MASS NUMBER 
STAYS THE SAME 


ATOMIC NUMBER 
INCREASES BY 1 


© 


Beta decay equation 


Gamma Decay 


The gamma ray that is emitted has a lot of energy, but no mass or charge 
Here is an example of Uranium-238 undergoing gamma decay 
Notice that the mass number and atomic number of the unstable nuclei 
remains the same during the decay 


MASS NUMBER 
STAYS THE SAME 


© 


“ATOMIC NUMBER 
STAYS THE SAME 


Gamma decay equation 


9 Worked Example 


2 A nucleus with 84 protons and 126 neutrons undergoes alpha decay. It 
forms lead, which has the element symbol Pb. 
[e] 
206 208 210 214 

ga D sa o aD care 
Which of the isotopes of lead pictured is the correct one formed during the 
decay? 

ANSWER: A 


Page 44 of 64 


© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


497/569 


Combined By NESRINE 


YOUR NOTES 
l 


Hsave my exams 
Head to savemyexams.co.uk for more awesome resources 
Step 1: Calculate the mass number of the original nucleus 


The mass number is equal to the number of protons plus the number of 
neutrons 
The original nucleus has 84 protons and 126 neutrons 


84 + 126 = 210 
The mass number of the original nucleus is 210 
Step 2: Calculate the new atomic number 


The alpha particle emitted is made of two protons and two neutrons 

Protons have an atomic number of 1, and neutrons have an atomic number of 
0 

Removing two protons and two neutrons will reduce the atomic number by 2 


84 - 2 = 82 
The new nucleus has an atomic number of 82 
Step 3: Calculate the new mass number 


Protons and neutrons both have a mass number of 1 
Removing two protons and two neutrons will reduce the mass number by 4 


210 - 4 = 206 


The new nucleus has a mass number of 206 


© Worked Example 


A nucleus with 11 protons and 13 neutrons undergoes beta decay. It forms 
magnesium, which has the element symbol Mg. 
[e] 
20 24 23 24 
9M9 10M9 m Mg 12M9 
Which is the correct isotope of magnesium formed during the decay? 
ANSWER: D 


Step 1: Calculate the mass number of the original nucleus 


The mass number is equal to the number of protons plus the number of 
neutrons 
The original nucleus has 11 protons and 13 neutrons 


11 + 13 = 24 


The mass number of the original nucleus is 24 
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Step 2: Calculate the new atomic number YOUR NOTES 
l 


During beta decay a neutron changes into a proton and an electron 
The electron is emitted as a beta particle 
The neutron has an atomic number of 0 and the proton has an atomic number 


of 1 
So the atomic number increases by 1 


11+1=12 
The new nucleus has an atomic number of 12 
Step 3: Calculate the new mass number 


Protons and neutrons both have a mass number of 1 
Changing a neutron to a proton will not affect the mass number 
The new nucleus has a mass number of 24 (the same as before) 


©) Exam Tip 


” You are not expected to know the names of the elements produced during 
radioactive decays, but you do need to be able to calculate the mass and 
atomic numbers by making sure they are balanced on either side of the 
reaction. 
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5.2.5 Half-Life YOUR n 


It is impossible to know when a particular unstable nucleus will decay 

But the rate at which the activity of a sample decreases can be known 
This is known as the half-life 

Half-life is defined as: 


The time taken for half the nuclei of that isotope in any sample to decay 


In other words, the time it takes for the activity of a sample to fall to half its 
original level 

Different isotopes have different half-lives and half-lives can vary from a fraction 
of a second to billions of years in length 

Half-life can be determined from an activity-time graph 


ACTIVITY / A 
Ao 


ACTIVITY HAS 
DROPPED BY 
HALF OF ITS 
ORIGINAL VALUE 


ACTIVITY HAS 
DROPPED BY A | 
QUARTER OF ITS 


ORIGINAL VALUE 
2tuy2 3t4,2 


tava 
4 HALF-LIFE « TIME / + 
2 HALF-LIVES= 


The graph shows how the activity of a radioactive sample changes over time. Each 
time the original activity halves, another half-life has passed 


The time it takes for the activity of the sample to decrease from 100 % to 50 % is 
the half-life 
It is the same length of time as it would take to decrease from 50 % activity to 
25 % activity 
The half-life is constant for a particular isotope 


Half-life can also be represented on a table 
As the number of half life increases, the proportion of the isotope 
remaining halves 


Table For Number of Half Lives to Proportion of Isotope 


Page 47 of 64 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


500/569 


Fsave my exams Combined By NESRINE 


Head to savemyexams.co.uk for more awesome resources 


YOUR NOTES 
l 


NUMBER OF HALF -LIVES PROPORTION OF ISOTOPE REMAINING 
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To calculate the half-life of a sample from a graph: 
Check the original activity (where the line crosses the y-axies), Ao 
Halve this value and look for this activity 
Go across from the halved value (on the y-axis) to the best fit curve, and then 
straight down to the x-axis 
The point where you reach the x-axis should be the half-life 
The time taken for the activity to decrease to half its original value is the half-life 


Background Radiation 


Background radiation is radiation that is always present in the environment around 
us 

As a consequence, whenever an experiment involving radiation is carried out, 
some of the radiation that is detected will be background radiation 

When carrying out experiments to measure half-life, the presence of background 
radiation must be taken into account 


ACTIVITY 


e BACKGROUND RADIATION 


TIME 


When measuring radioactive emissions, some of the detected radiation will be 
background 


To do this you must: 
Start by measuring background radiation (with no sources present) - this is 
called your background count 
Then carry out your experiment 
Subtract the background count from each of your readings, in order to give a 
corrected count 
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The corrected count is your best estimate of the radiation emitted from the 
source, and should be used to measure its half-life 


© Worked Example 


The radioisotope technetium is used extensively in medicine. The graph 
below shows how the activity of a sample varies with time. 


8 


ACTIVITY / 107 Bq 
iN 


O 2 4 6 8 10 12 


Determine the half-life of this material. 


Step 1: Draw lines on the graph to determine the time it takes for technetium to 


drop to half of its original activity 
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14 16 18 20 22 24 
TIME/HOURS 
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E 
co 


ACTIVITY / 10’ Bq 
D 


2Ao 4 
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2 4 6 8 O 12 14 #16 48 20 22 24 
ty, TIME/HOURS 


Step 2: Read the half-life from the graph 


In the diagram above the initial activity, Ag, is 8 x 10’ Bq 
The time taken to decrease to 4 x 10’ Bq, or % Ag, is 6 hours 
The time taken to decrease to 2 x 10” Bq is 6 more hours 
The time taken to decrease to 1 x 10” Bq is 6 more hours 
Therefore, the half-life of this isotope is 6 hours 


Worked Example 


A particular radioactive sample contains 2 million un-decayed atoms. After 
a year, there is only 500 000 atoms left un-decayed. What is the half-life of 
this material? 


Step 1: Calculate how many times the number of un-decayed atoms has halved 


There were 2 000 000 atoms to start with 

1 000 000 atoms would remain after 1 half-life 
500 000 atoms would remain after 2 half-lives 
Therefore, the sample has undergone 2 half-lives 


Step 2: Divide the time period by the number of half-lives 


The time period is a year 

The number of half-lives is 2 

1 year divided by 2 is half a year or 6 months 
Therefore, the half-life is 6 months 
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© Exam Tip YOUR ~ 


2 When looking for the corresponding time for the activity, it is good practice 
to draw a line on the graph with your ruler like is done in the mark scheme 
of the worked example. This ensures you're reading the most accurate value 


possible. 


Page 52 of 64 


© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


505/569 


Fsave my exams 


Head to savemyexams.co.uk for more awesome resources 


5.2.6 Uses of Radiation 


Radiation is used in a number of different ways: 


1. 
. Sterilising food (irradiating food to kill bacteria) 

. Sterilising medical equipment (using gamma rays) 
. Determining the age of ancient artefacts 

. Checking the thickness of materials 

6. 


mam BW N 


Medical procedures including diagnosis and treatment of cancer 


Smoke detectors (alarms) 


The properties of the different types of radiation determine which one is usedina 
particular application 


Smoke Detectors 


Alpha particles are used in smoke detectors 

The alpha radiation will normally ionise the air within the detector, creating a 
current 

The alpha emitter is blocked when smoke enters the detector 

The alarm is triggered by a microchip when the sensor no longer detects alpha 
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ALPHA RADIATION IONISES 
THE AIR, CREATING A CURRENT: 
ACROSS THE CIRCUIT GAP 


ALPHA 
SOURCE 


CURRENT DETECTED 
BY AMMETER SO NO 
ALARM SOUNDS 


SMOKE FILLS IONISATION 
CHAMBER — NO CURRENT -° 
CREATED 


ALPHA 
SOURCE 


NO CURRENT 
DETECTED — ALARM! 


In the diagram on the right, alpha particles are stopped by the smoke, preventing the 
flow of current and triggering the alarm 


Measuring the Thickness of Materials 


Radiation can be used for tracing and gauging thickness 
Mostly commonly this is beta particles 


As a material moves above a beta source, the particles that are able to penetrate it 
can be monitored using a detector 
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If the material gets thicker, more particles will be absorbed, meaning that less will YOUR NOTES 
get through J 
If the material gets thinner the opposite happens 


This allows the machine to make adjustments to keep the thickness of the 
material constant 


ALUMINIUM ~ 
FOIL 


e RADIATION DETECTOR 


e BETA EMITTER 


Beta particles can be used to measure the thickness of thin materials such as paper, 
cardboard or aluminium foil 


Beta radiation is used because it will be partially absorbed by the material 
If alpha particles were used all of them would be absorbed and none would 
get through 
If gamma were used almost all of it would get through and the detector would 
not be able to sense any difference if the thickness were to change 


Diagnosis and Treatment of Cancer 


Radiotherapy is the name given to the treatment of cancer using radiation 
(Chemotherapy is treatment using chemicals) 


Although radiation can cause cancer, it is also highly effective at treating it 
Radiation can kill living cells. Some cells, such as bacteria and cancer cells, are 
more susceptible to radiation than others 
Beams of gamma rays are directed at the cancerous tumour 
Gamma rays are used because they are able to penetrate the body, reaching 
the tumour 
The beams are moved around to minimise harm to healthy tissue whilst still 
being aimed at the tumour 


A tracer is a radioactive isotope that can be used to track the movement of 
substances, like blood, around the body 
A PET scan can detect the emissions from a tracer to diagnose cancer and 
determine the location of a tumour 
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SALIVARY GLAND 
PROTECTED 


RADIATION 
BEAM 


e LEAD SHEET WITH SHAPED HOLE 


Radiation therapy to remove a tumour 


Sterilising Food and Medical Equipment 


Gamma radiation is widely used to sterilise medical equipment 
Gamma is most suited to this because: 
It is the most penetrating out of all the types of radiation 
It is penetrating enough to irradiate all sides of the instruments 
Instruments can be sterilised without removing the packaging 


Food can be irradiated in order to kill any microorganisms that are present on it 
This makes the food last longer, and reduces the risk of food-borne infections 


A 
e 


Food that has been irradiated carries this symbol, called the Radura. Different 
countries allow different foods to be irradiated 
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© Worked Example YOUR ~ 


Use the diagram to explain why is alpha radiation used in smoke detectors, 


and not beta or gamma radiation. 
 AMERICIUM- 2441 
ALPHA SOURCE 


SIREN WILL 
SOUND WHEN 
THE CURRENT 


SMOKE ENTERS 
SMOKE DETECTOR 


ALPHA PARTICLES 
IONISE THE AIR 

CHARGED PARTICLES 
MOVE ACROSS 


THE GAP FORMING ` 
A CURRENT 


A DETECTOR 
SENSES THE 
“AMOUNT OF 
CURRENT 


SMOKE IN THE MACHINE 
WILL ABSORB APLHA 
PARTICLES AND MAKE 
THE CURRENT FALL 


Consider the different properties of alpha, beta and gamma: 
Alpha is the most weakly penetrating and strongest ioniser 
Beta and gamma have stronger penetrating power and weaker ionising 
power 


If beta or gamma radiation were used in this situation then they would pass 
straight through the smoke and the alarm would not go off 

Therefore, since alpha is absorbed by smoke, and beta and gamma are not, 
this makes it most suitable for use in a smoke detector 


©) Exam Tip 


If you are presented with an unfamiliar situation in your exam don’t panic! 
Just apply your understanding of the properties of alpha, beta and gamma 
radiation. Mainly think about the range (how far it can travel) and ionising 
power of the radiation to help understand which radiation is used in which 
situation. 
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5.2.7 Dangers of Radiation YOUR . 


lonising radiation can damage human cells and tissues at high doses: 
This could be in terms of: 

1. Cell death 

2. Tissue damage 

3. Mutations 

4. Cancer 


As a result, its use needs to be kept to a minimum 
However, the benefits of using radiation in medicine can out way the potential 
risks 
The risks posed by the radiation are smaller than the risks associated with 
leaving the condition untreated 


For example, if a person has a cancerous tumour that is likely to kill them, then it 
is less of a risk to use radiotherapy than to leave the tumour 


Tissue Damage 


Radiation is effectively used to destroy cancerous tumour cells 
However, it can cause damage to healthy tissue if it is not properly targeted 
This is mostly from high-energy radiation such as gamma rays and X-rays 


Mutations 


If the atoms that make up a DNA strand are ionised then the DNA strand can be 
damaged 
If the DNA is damaged then the cell may die, or the DNA may be mutated when it 
reforms 
If a mutated cell is able to replicate itself then a tumour may form 
This is an example of cancer, which is a significant danger of radiation 
exposure 
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IONISING RADIATION 
eENTERS THE NUCLEUS 
OF A HUMAN CELL 


RADIATION CAUSES DNA 
TO BREAK, POTENTIALLY = 
CAUSING A MUTATION 


Diagram showing the damage caused to DNA by ionising radiation. Sometimes the 
cell is able to successfully repair the DNA, but incorrect repairs can cause a mutation 


Acute radiation exposure can have other serious symptoms: 
It can cause skin burns, similar to severe sunburn 
Radiation can reduce the amount of white blood cells in the body, making a 
person more susceptible to infections by lowering their immune system 


Because of this, it is very important to handle radioactive sources carefully 
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The risks associated with handling radioactive sources can be minimised by 
following a few simple procedures: 
Store the sources in lead-lined boxes and keep at a distance from people 
Minimise the amount of time you handle sources for and return them to their 
boxes as soon as you have finished using them 
During use, keep yourself (and other people) as far from the sources as 
feasible. When handling the sources do so at arm’s length, using a pair of 
tongs 


Radioactivity warning sign 


When using tongs, gloves and safety specs are usually unnecessary when handling 
radioactive materials, unless there is a risk of the material leaking on to things 


Disposing of Radioactive Waste 


If an isotope has a long half-life then a sample of it will decay slowly 
Although it may not emit a lot of radiation, it will remain radioactive for a 
very long time 


Sources with long half-life values present a risk of contamination for a much 
longer time 

Radioactive waste with a long half-life is buried underground to prevent it from 
being released into the environment 
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Radioactive waste with long half lifes are buried deep underground 


© Worked Example 


A student plans to use a gamma source to conduct an experiment. List four 
things that the student should do in order to minimise the risk to 
themselves when using the source. 


Any four from: 


Keep the source in a lead lined container until the time it is needed 

Use tongs to move the source, rather than handling it directly 

The source should be kept at as far a distance from the student as possible during 
the experiment 

The time that the source is being used should be minimised 

After the experiment the student should wash their hands 

The date and the time that the radiation has been used for should be recorded 
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YOUR NOTES 


EXTENDED l 


To mitigate the risks of radiation exposure, there are some safe practices that 
should be used: 
Radioactive sources should be kept in a shielded container when not in use, 
for example, a lead-lined box 
Radioactive materials should only be handled when wearing gloves, and with 
tongs to increase the distance from them 
It may be appropriate to wear protective clothing to prevent the body 
becoming contaminated 
The time that a radioactive source is being used for should be limited 


Regulating Exposure 
Because of the harmful effects of radiation, it is important to regulate the 
exposure of humans to radiation 
The amount of radiation received by a person is called the dose and is measured in 
sieverts (Sv) 
One sievert is a very big dose of radiation 
It would cause acute radiation poisoning 


People would normally receive about 3 mSv (0.003 Sv) in one year 

To protect against over-exposure, the dose received by different activities is 
measured 

A dosemeter measures the amount of radiation in particular areas and is often 
worn my radiographers, or anyone working with radiation 


ta 


(Ø save my exams 


A dosemeter, or radiation badge, can be worn by a person working with radiation in 
order to keep track of the amount of radiation they are receiving 


Differences in Exposure 
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The amount of radiation that a person receives is affected by a person’s 


occupation, lifestyle or location 
Some areas around the world have higher background radiation because they are 


closer to sources of radiation 
People that work with nuclear radiation receive more radiation 
The UK limit for nuclear industry employees is 20 mSv in one year 


The diagram below compares the dose received by some different activities 


100 GREEN SQUARES 
IS THE SAME AS +œ 
4 YELLOW SQUARE 


100 YELLOW SQUARES 
elIS THE SAME AS 4 RED 


SQUARE 
EATING A ||DENTAL XRAY:||TRANSATLANTIC || HEAD ANNUAL EXPOSURE 
BANANA: 0.005 mSv FLIGHT: 0.8 mSv CT SCAN:||LIMIT: 20 mSV 


0.0001 mSv 4.4 mSv 


All living things emit a small amount of radiation: the amount of radiation within a 
banana is tiny, and not at all dangerous! 
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6.1 Earth & The Solar System YOUR n 


6.1.1 The Earth, Moon & Sun 
The Earth's Axis 


e The Earth is a rocky planet that rotates in a near circular orbit around the Sun 
e It rotates on its axis, which is a line through the north and south poles 
o The axis is tilted at an angle of approximately 23.4° from the vertical 
e The Earth completes one full rotation (revolution) in approximately 24 hours (1 
day) 


e This rotation creates the apparent daily motion of the Sun rising and setting 
o Rotation of the Earth on its axis is therefore responsible for the periodic cycle 
of day and night 


Day and Night 


e The Earth's rotation around its axis creates day and night 
o Day is experienced by the half of the Earth's surface that is facing the Sun 
o Night is the other half of the Earth's surface, facing away from the Sun 


EARTH TILT 


SUN RAYS 


Day and night are caused by the Earth's rotation 


Rising and Setting of the Sun 
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e The Earth's rotation on its axis makes the Sun looks like it moves from east to west YOUR NOTES 
o At the equinoxes the Sun rises exactly in the east and sets exactly in the west | 
o Equinox (meaning ‘equal night’) is when day and night are approximately of 
equal length 


e However, the exact locations of where the Sun rises and sets changes throughout 
the seasons 


e In the northern hemisphere (above the equator): 
o In summer, the sun rises north of east and sets north of west 
o In winter, the sun rises south of east and sets south of west 


The Sun rises in the east and sets in the west. Its approximate area changes 
throughout the year 


e The Sun is highest above the horizon at noon (12 pm) 


e In the northern hemisphere, the daylight hours are longest up until roughly the 
21st June 


o This day is known as the Summer Solstice and is where the Sun is at its 
highest point in the sky all year 
e The daylight hours then decrease to their lowest around 21st December 


o This is known the Winter Solstice and is where the Sun is at its lowest point in 
the sky all year 
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The Earth's Orbit YOUR NOTES 


e The Earth orbits the Sun once in approximately 365 days J 
o This is 1 year 
e The combination of the orbiting of the Earth around the Sun and the Earth's tilt 
creates the seasons 


A 
B H 
EARTH 
TILTED 20 MAR 
ON AXIS 


21 DEC 


C 21 JUN 
\ 23 SEPT f 
E 


Seasons in the Northern hemisphere caused by the tilt of the Earth 


e Over parts B, C and D of the orbit, the northern hemisphere is tilted towards the 
Sun 
o This means daylight hours are more than hours of darkness 
o This is spring and summer 
e The southern hemisphere is tilted away from the Sun 
o This means there are shorter days than night 
o This is autumn and winter 
e Over parts F, G and H of the orbit, the northern hemisphere is tilted away from the 
Sun 
o The situations in both the northern and southern hemisphere are reversed 
o It is autumn and winter in the northern hemisphere, but at the same time it is 
spring and summer in the southern hemisphere 
e ACC: 
o This is the summer solstice 
o The northern hemisphere has the longest day, whilst the southern hemisphere 
has its shortest day 
e AtG: 
o This is the winter solstice 
o The northern hemisphere has its shortest day, whilst the southern hemisphere 
has its longest day 
e At A and D: 
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o Night and day are equal in both hemispheres YOUR NOTES 
o These are the equinoxes J 
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Moon & Earth 


e The Moon is a satellite around the Earth 

It travels around the Earth in roughly a circular orbit once a month 
o This takes 27-28 days 

e The Moon revolves around its own axis in a month so always has the same side 
facing the Earth at all times 

o We never see the hemisphere that is always facing away from Earth, although 
astronauts have orbited the Moon and satellite have photographed it 

e The Moon shines with reflected light from the Sun, it does not produce its own 

light 


Phases of the Moon 


e The way the Moon's appearance changes across a month, as seen from Earth, is 
called its periodic cycle of phases 


FIRST QUARTER MOON 


WAXING WAXING 
GIBBOUS CRESCENT 
MOON MOON 


- - - @1380- 


M 
< 


l 
0 w © 
7 D KS 
l 
l 
l 
l 


A 


WANING 4 
GIBBOUS © 
MOON 


5 WANING 
CRESCENT 


q MOON 


LAST QUARTER MOON 


Phases of the Moon as it orbits around Earth 


e In the image above, the inner circle shows that exactly half of the Moon is 
illuminated by the Sun at all times 
e The outer circle shows how the Moon looks like from the Earth at its various 
positions 
e In the New Moon phase: 
o The Moon is between the Earth and the Sun 
o Therefore, the sunlight is only on the opposite face of the Moon to the Earth 
o This means the Moon is unlit as seen from Earth, so it is not visible 
e At the Full Moon phase: 
o The Earth is between the Moon and the Sun 
o The side of the Moon that is facing the Earth is completely lit by the sunlight 
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o This means the Moon is fully lit as seen from Earth YOUR NOTES 
e In between, a crescent can be seen where the Moon is partially illuminated from J 
sunlight 
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6.1.2 Calculating Orbital Speeds YOUR o 


Orbital Speed 
EXTENDED 


e When planets move around the Sun, or a moon moves around a planet, they orbit 
in circular motion 
o This means that in one orbit, a planet travels a distance equal to the 
circumference of a circle (the shape of the orbit) 
o This is equal to 2rrr where ris the radius a circle 


e The relationship between speed, distance and time is: 


Gael distance 
eed = —.—— 
P tme 

e the average orbital speed of an object can be defined by the equation: 


2Tr 


v=- F 


e Where: 
o v= orbital speed in metres per second (m/s) 
o r= average radius of the orbit in metres (m) 
o T= orbital period in seconds (s) 


e This orbital period (or time period) is defined as: 
The time taken for an object to complete one orbit 


e The orbital radius ris always taken from the centre of the object being orbited to 
the object orbiting 


Í ORBITAL 
SPEED, v 


Orbital radius and orbital speed of a planet moving around a Sun 
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© Worked Example YOUR ~ 
e 


The Hubble Space Telescope moves in a circular orbit. Its distance above 
the Earth’s surface is 560 km and the radius of the Earth is 6400 km. It 
completes one orbit in 96 minutes. 


Calculate its orbital speed in m/s. 


Step 1: List the known quantities 


© Radius of the Earth, R = 6400 km 
o Distance of the telescope above the Earth's surface, h = 560 km 
o Time period, T = 96 minutes 


Step 2: Write the relevant equation 


Step 3: Calculate the orbital radius, r 


o The orbital radius is the distance from the centre of the Earth to the telescope 


r=Rt+h 
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gees A YOUR NOTES 
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Radius of 
Earth, R 


Centre of 
mass of 
Earth 


5 2 r=R+h 
r = 6400 + 560 = 6960 km 
Step 4: Convert any units 
o The time period needs to be in seconds 
1 minute = 60 seconds 
96 minutes = 60 xX 96 = 5760s 
o The radius needs to be in metres 
1km = 1000m 
6960 km = 6 960 000 m 
Step 5: Substitute values into the orbital speed equation 


_ 27 X 6960 000 


v= 3760. = 7592.18 = 7590 m/s 


©) Exam Tip 


= Remember to check that the orbital radius r given is the distance from 


the centre of the Sun (if a planet is orbiting a Sun) or the planet (if a moon is 
orbiting a planet) and not just from the surface. If the distance is a height 
above the surface you must add the radius of the body, to get the height 
above the centre of mass of the body. 


This is because orbits are caused by the mass, which can be assumed to act 
at the centre, rather than the surface. 


Don't forget to check your units and convert any if required! 
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6.1.3 The Solar System YOUR n 


The Solar System 


e The Solar System consists of: 
1. The Sun 
2. Eight planets 
3. Natural and artificial satellites 
4. Dwarf planets 
5. Asteroids and comets 


The Sun & the Planets 


e The Sun lies at the centre of the Solar System 
o The Sun is a star that makes up over 99% of the mass of the solar system 


e There are eight planets and an unknown number of dwarf planets which orbit the 
Sun 
o The gravitational field around planets is strong enough to have pulled in all 
nearby objects with the exception of natural satellites 
o The gravitational field around a dwarf planet is not strong enough to have 
pulled in nearby objects 


e The 8 planets in our Solar System in ascending order of the distance from the Sun 
are: 
o Mercury 
o Venus 
o Earth 
o Mars 
o Jupiter 
o Saturn 
o Uranus 
o Neptune 


Satellites 


e There are two types of satellite: 
o Natural 
o Artificial 


e Some planets have moons which orbit them 
o Moons are an example of natural satellites 


e Artificial satellites are man-made and can orbit any object in space 
o The International Space Station (ISS) orbits the Earth and is an example of an 
artificial satellite 


Asteroids & Comets 
e Asteroids and comets also orbit the sun 
e An asteroid is a small rocky object which orbits the Sun 
o The asteroid belt lies between Mars and Jupiter 
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e Comets are made of dust and ice and orbit the Sun in a different orbit to those of YOUR NOTES 
planets J 


o The ice melts when the comet approaches the Sun and forms the comet’s tail 


NATURAL SATELLITE 
ə ARTIFICIAL SATELLIT 
moon BA SAATTE DWARF | 


o 
D a © 


PLANET 


ROCKY PLANETS SS S| 
GAS PLANETS 
ə ASTEROID BELT 


The objects in our solar system 


©) Exam Tip 

= You need to know the order of the 8 planets in the solar system. The 
following mnemonic gives the first letter of each of the planets to help you 
recall them: 


My Very Excellent Mother Just Served Us Noodles 


Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune 
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Accretion Model of the Solar System 


e There are 4 rocky and small planets: Mercury, Venus, Earth and Mars 


o These are the nearest to the Sun 


e There are 4 gaseous and large planets: Jupiter, Saturn, Uranus and Neptune 


o There are the furthest from the sun 


JUPITER URANUS NEPTUNE 


The eight planets of our Solar System 


The differences in the types of planets are defined by the accretion model for Solar 
System formation 


The Sun was thought to have formed when gravitational attraction of pulled 
together clouds of hydrogen dust and gas (called nebulae) 
The Solar System then formed around 4.5 billion years ago 
o The planets were formed from the remnants of the disc cloud of matter left 
over from the nebula that formed the Sun 
o These interstellar clouds of gas and dust included many elements that were 
created during the final stages of a star's lifecycle (a previous supernova) 
Gravity collapsed the matter from the nebula in on itself causing it to spin around 
the Sun 
o The gravitational attraction between all the small particles caused them to join 
together and grow in an accretion process 
A rotating accretion disc is formed when the planets emerged 
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„HOTTER I COOLER 
REGIONS [MF Reign 


e a 


FEW MILLION YEARS LATER ROCKY 
"PLANETS 


100 MILLION YEARS LATER 


The accretion model of the creation of the Solar System 
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e As the Sun grew in size it became hotter YOUR NOTES 
e Where the inner planets were forming near the Sun, the temperature was too high J 

for molecules such as Hydrogen, Helium, water and Methane to exist in a solid 

state 


o Therefore, the inner planets are made of materials with high melting 
temperatures such as metals (e.g. iron) 

o Only 1% of the original nebula is composed of heavy elements, so the inner, 
rocky planets could not grow much and stayed as a small size, solid and rocky 

e The cooler regions were further away from the Sun, and temperature was low 
enough for the light molecules to exist in a solid state 

o The outer planets therefore could grow to a large size up and include even the 
lightest element, Hydrogen 

o These planets are large, gaseous and cold 


©) Exam Tip 


When referring to the accretion model for the formation of the Solar System, 
make sure your answer has the following: 


(a) the model’s dependence on gravity 
(b) the presence of many elements in interstellar clouds of gas and dust 


(c) the rotation of material in the cloud and the formation of an accretion 
disc 
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6.1.4 Orbiting Bodies 


Light Speed 


e The planets and moons of the solar system are visible from Earth when they reflect 
light from the Sun 
© The outer regions of the Solar System are around 5 x 10!2 m from the Sun, 
which means even light takes some time to travel these distances 
e The Sun is so far away from Earth that the light we see actually left the Sun eight 
minutes earlier 
o the nearest star to us after the Sun is so far away that light from it takes four 
years to reach us 
o The Milky Way galaxy contains billions of stars, huge distances away, with the 
light taking even longer to be seen from Earth 


e The speed of light is a constant 3 x 108 m/s 
o Therefore, using the equation: 


d distance 
speed = ———— 
P time 


o The time taken to travel a certain distance can be calculated by rearranging to: 


; distance 
time = —— 
speed 

9 Worked Example 


Calculate the time taken for light from the Sun to reach Mercury if the 
radius of Mercury's orbit is 5.8 x 102 m. 


Step 1: State the equation for the time taken for light to travel a certain distance 


; distance 
time = ——_ 
speed 


Step 2: Substitute in the values 


o The distance travelled is the radius of the orbit 
= Distance, d= 5.8 x 109 m. 
o Speed = the speed of light, v = 3.0 x 108 m/s 


time = LALU 1.933333 
me = z0x 


Step 3: Round up the answer and include units 


time = 19.3 s 
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© Exam Tip YOUR NOTES 
~The speed of light is very fast. This is why in our everyday life, we do not l 
notice that it travels a distance at all. For example, when you switch on a 
light bulb, the room is flooded with light instantly. However, this is only 
because it is so fast and our eyes cannot see the difference. In large, 
astronomical distances which can be millions or even billions of kilometres, 
the limit of the speed of light starts to have an affect. 


For example, it takes light 8 minutes to travel from the Sun to the Earth. This 
means we are technically seeing the Sun 8 minutes ago. If the Sun was to 
disappear, we would not notice till 8 minutes later. Although, by that time, 
the time delay is the least of our worries... 


Elliptical Orbits 
EXTENDED 


e Orbits of planets, minor planets and comets are elliptical 

o An ellipse is just a 'squashed' circle 
e Planets, minor planets and comets have elliptical orbits 

o However, the Sun is not at the centre of an elliptical orbit 

o This is only the case when the orbit is approximately circular 
e In an elliptical orbit, the Sun is not at the centre of the orbit 

o However, in a circular orbit, the Sun is at the centre 


FOC! OF ELLIPSE 


Planets and comets travel in elliptical orbits, but the Sun is not at the centre of these 
orbits 


©) Exam Tip 
You will not be asked to do any calculations with elliptical orbits. If you are 
asked to calculate the time period, orbital speed or radius of an orbit, it can 
be assumed that it is circular. 
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Analysing Orbits YOUR NOTES 
EXTENDED J 


e Over many years, data about all the planets, moons and the Sun have been 
collected 
e This is not just for general interest, but to indicate: 
o Factors that affect conditions on the surface of the planets 
o Environmental problems that a visit (using manned spaceships or robots) 
would encounter 


Table of Data for Planets in our Solar System 


Uniform 
Orbital Surface surface 
: Orbital duration /| Density / Gravitational 
Planet |distance / 3 Temperature/ g 
a days or years kg/m ` Field 
million km C 
Strength/ 
N/kg 
Mercury 57.9 88 days 5427 350 3.7 
Venus 108.2 225 days 5243 460 8.9 
Earth 149.6 365 days 5514 20 9.8 
Mars 227.9 687 days 3933 -23 3.7 
Jupiter 778.6 11.9 years 1326 -120 23.1 
Saturn 1433.5 29.5 years 687 -180 9.0 
Uranus 2872.5 75 years 1271 -210 8.7 
Neptune 4495.1 165 years 1638 -220 11.0 


e There are some common themes from the data of the planets is: 
e Orbital duration (how long it takes to travel around the Sun) increases with orbital 
distance (distance from the Sun) 
o The circular path that the planet's travel in has a larger radius 
e Orbital duration increases with orbital distance 
o E.g. Neptune travels much slower than Mercury 
o The planets further away from the Sun experience a weaker gravitational pull, 
so move slower in their orbit 
e Surface temperature decreases with orbital distance except for Venus 
o Venus has a dense atmosphere of carbon dioxide, trapping in heat through the 
greenhouse effect 
e The surface gravitational field strength doesn't just depend on a planet's size, but 
also its mass 
o This is why although Uranus is 4 times larger than Earth, it has a smaller 
gravitational field strength because it is less dense 
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© Exam Tip YOUR NOTES 
i Although you don't need to memorise any of this data, you must be able to l 
confidently analyse and interpret it. Look out for trends such as one variable 
increasing whilst the the other decreases (or also increases). This carefully 
about why that may be with what you have already learnt about the planets 
from this topic. For example, what is the planet made of? What is its distance 
from the Sun and how does this affect it? 
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6.1.5 Gravitational Effects on Orbits YOUR o 
Gravitational Field Strength 


e The strength of gravity on different planets after an object's weight on that planet 
e Weight is defined as: 
The force acting on an object due to gravitational attraction 
e Planets have strong gravitational fields 
o Hence, they attract nearby masses with a strong gravitational force 
e Because of weight: 
o Objects stay firmly on the ground 


o Objects will always fall to the ground 
o Satellites are kept in orbit 


me FALLING OBJECTS 


SATELLITE 
: ` 
\ 


ee naa 


-. 


Objects are attracted towards the centre of the Earth due to its gravitational field 
strength 


e Both the weight of any body and the value of the gravitational field strength g 
differs between the surface of the Earth and the surface of other bodies in space, 
including the Moon because of the planet or moon's mass 


o The greater the mass of the planet then the greater its gravitational field 
strength 


o A higher gravitational field strength means a larger attractive force towards 
the centre of that planet or moon 


e gvaries with the distance from a planet, but on the surface of the planet, it is 
roughly the same 
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o The strength of the field around the planet decreases as the distance from the 


planet increases 
However, the value of g on the surface varies dramatically for different planets and 


moons 


The gravitational field strength (g) on the Earth is approximately 10 N/kg 
The gravitational field strength on the surface of the Moon is less than on the 


Earth 
o This means it would be easier to lift a mass on the surface of the Moon than 


on the Earth 


e The gravitational field strength on the surface of the gas giants (eg. Jupiter and 
Saturn) is more than on the Earth 
o This means it would be harder to lift a mass on the gas giants than on the 
Earth 


Oor.. o 


SUN JUPITER SATURN URANUS EARTH MARS MOON 
g = 293.0 N/kg g= 24.7 N/kg g = 10.5 N/kg g = 9.0 N/kg 9=9.8N/kg| |g9g=3.7N/kg| |9=4.7N/kg 


Value for g on the different objects in the Solar System 


e On such planets such as Jupiter, an object’s mass remains the same at all points in 


space 
e However, their weight will be a lot greater meaning for example, a human will be 


unable to fully stand up 
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YOUR NOTES 
A BODY ON EARTH HAS A fi 


MUCH SMALLER FORCE PER 
UNIT MASS THAN ON JUPITER 


THIS MEANS A BODY WILL HAVE 
A MUCH GREATER WEIGHT ON 
JUPITER THAN ON EARTH 


EARTH 
g = 9.81 Nkg“’ 


JUPITER 
g = 25 Nkg“’ 


A person’s weight on Jupiter would be so large a human would be unable to fully 
stand up 


©) Exam Tip 
> You do not need to remember the value of g on different planets for your 
exam, the value of g for Earth will be given in the exam question. 
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Gravitational Attraction of the Sun YOUR NOTES 


e There are many orbiting objects in our solar system and they each orbit a different l 
type of planetary body 


Orbiting Objects or Bodies in Our Solar System Table 


Body or Object What it Orbits 


e e 


Artificial satellite Any object or body in solar system 


e A smaller body or object will orbit a larger body 
o For example, a planet orbiting the Sun 


e In order to orbit a body such as a star or a planet, there has to be a force pulling 
the object towards that body 
o Gravity provides this force 


e Therefore, it is said that the force that keeps a planet in orbit around the Sun is the 
gravitational attraction of the Sun 
e The gravitational force exerted by the larger body on the orbiting object is always 
attractive 
o Therefore, the gravitational force always acts towards the centre of the larger 
body 
e Therefore, the force that keeps an object in orbit around the Sun is the 
gravitational attraction of the Sun and is always directed from the orbiting object 
to the centre of the Sun 


e The gravitational force will cause the body to move and maintain in a circular path 
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YOUR NOTES 
l 


GRAVITATIONAL e MOON 
AT TRACTION 


Gravitational attraction causes the Moon to orbit around the Earth 
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Sun's Gravitational Field & Distance 
EXTENDED 


e As the distance from the Sun increases: 
o The strength of the Sun's gravitational field on the planet decreases 
o Their orbital speed of the planet decreases 
e To keep an object in a circular path, it must have a centripetal force 
o For planets orbiting the Sun, this force is gravity 
e Therefore, the strength of the Sun's gravitational field in the planet affects how 
much centripetal force is on the planet 
o This strength decreases the further away the planet is from the Sun, and the 
weaker the centripetal force 
e The centripetal force is proportional to the orbital speed 
o Therefore, the planets further away from the Sun have a smaller orbital speed 
o This also equates to a longer orbital duration 


PLANETS FURTHEST FROM 
THE SUN TAKE THE LONGEST 
e AMOUNT OF TIME TO ORBIT 
THE SUN - THEY TRAVEL AT 
THE SLOWEST SPEEDS 


PLANETS CLOSEST TO 


THE SUN TAKE THE SHORTEST 
e AMOUNT OF TIME TO ORBIT 
THE SUN — THEY TRAVEL AT 
THE FASTEST SPEEDS 


How the speed of a planet is affected by its distance from the Sun 


e This can be seen from data collected for a planet's orbital distance against their 
orbital speed 
o E.g. Neptune travels much slower than Mercury 


Table of Orbital Distance, Speed and Duration 


Orbital distance / Orbital Speed / Orbital duration / 
Planet a 
million km km/s days or years 
Mercury 57.9 47.9 88 days 
Venus 108.2 35.0 225 days 
Earth 149.6 29.8 365 days 
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Mars 227.9 24.1 687 days 
Jupiter 778.6 13-1 11.9 years 
Saturn 1433.5 9.7 29.5 years 
Uranus 2872.5 6.8 75 years 
Neptune 4495.1 5.4 165 years 

©) Exam Tip 


> Be careful with your wording in this topic when talking about gravity. It is 
important to refer to the force of gravity as ‘gravitational attraction’, ' 


strength of the Sun's gravitational field' or 'the force due to gravity’. Avoid 


terms such as ‘the Sun's gravity’ or even more vague, ‘the force from the 


Sun’. 
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YOUR NOTES 
EXTENDED J 


An object in an elliptical orbit around the Sun travels at a different speed 
depending on its distance from the Sun 
Although these orbits are not circular, they are still stable 
For a stable orbit, the radius must change if the comet's orbital speed 
changes 
As the comet approaches the Sun: 
The radius of the orbit decreases 
The orbital speed increases due to the Sun's strong gravitational pull 
As the comet travels further away from the Sun: 
The radius of the orbit increases 
The orbital speed decreases due to a weaker gravitational pull from the Sun 


SLOWEST HERE = 


COMET AND 
TAIL 


o FASTEST HERE 


Comets travel in highly elliptical orbits, speeding up as they approach the Sun 
Conservation of Energy 


Although an object in an elliptical orbit, such as a comet, continually changes its 
speed its energy must still be conserved 
Throughout the orbit, the gravitational potential energy and kinetic energy of 
the comet changes 
As the comet approaches the Sun: 
It loses gravitational potential energy and gains kinetic energy 
This causes the comet to speed up 
This increase in speed causes a slingshot effect, and the body will be flung 
back out into space again, having passed around the Sun 
As the comment moves away from the Sun: 
It gains gravitational potential energy and loses kinetic energy 
This causes it to slow down 
Eventually, it falls back towards the Sun once more 
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In this way, a stable orbit is formed YOUR NOTES 


J 
©) Exam Tip 


w 
Remember that an objects kinetic energy is defined by: mv? where mis the 


mass of the object and vis its speed. Therefore, if the speed of an object 
increases, so does its kinetic energy. Its gravitational potential energy 
therefore must decrease for energy to be conserved. 
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YOUR NOTES 
4 


6.2 Stars & The Universe 


6.2.1 The Sun as a Star 


The Sun lies at the centre of the Solar System 
The Sun is a star which makes up over 99% of the mass of the solar system 
The fact that most of the mass of the Solar System is concentrated in the Sun is 
the reason the smaller planets orbit the Sun 
The gravitational pull of the Sun on the planets keeps them in orbit 


The Sun is a medium sized star consisting of mainly hydrogen and helium 
It radiates most of its energy in the infrared, visible and ultraviolet regions of the 
electromagnetic spectrum 


Our Sun (Image courtesy of NASA) 


Stars come in a wide range of sizes and colours, from yellow stars to red dwarfs, 
from blue giants to red supergiants 
These can be classified according to their colour 


Warm objects emit infrared and extremely hot objects emit visible light as well 
Therefore, the colour they emit depends on how hot they are 


A star's colour is related to its surface temperature 
A red star is the coolest (at around 3000 K) 
A blue star is the hottest (at around 30 000 K) 
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SURFACE 
TEMPERATURE: 30000K 20000K 10000K 7000K 6000K 4000K 3000K 


The colour of a star correlates to its temperature 
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YOUR NOTES 
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In the centre of a stable star, hydrogen atoms undergo nuclear fusion to form 
helium 
The equation for the reaction is shown here: 


2 3 4 å 
m GA =~ e ton 


Deuterium and Tritium are both isotopes of hydrogen. They can be formed through 
other fusion reactions in the star 


A huge amount of energy is released in the reaction 
This provides a pressure that prevents the star from collapsing under its gravity 


, sé 
c. = ô 


TRITIUM 
NEUTRON 


The fusion of deuterium and tritium to form helium with the release of energy 
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YOUR NOTES 
© Worked Example l 
° An example of a hydrogen fusion reaction which takes place in stars is 
shown here. 
2 4 3 
Hk fa tS Se 
4 4 2 
Which of the following is a valid reason as to why hydrogen fusion is not 
currently possible on Earth? 
A Hydrogen fusion produces dangerous radioactive waste 
B Hydrogen nuclei require very high temperature to fuse together 
C Hydrogen is a rare element that would be difficult to get large amounts 
of 
D Hydrogen fusion does not produce enough energy to be commercially 
viable 
ANSWER: B 


Hydrogen nuclei have positive charges 
So two hydrogen nuclei would have a repulsive force between them 
High temperatures are required to give the nuclei enough energy to overcome 
the repulsive force 
The answer is not A because the products of the hydrogen fusion shown in the 
reaction is helium 

Helium is an inert gas 


The answer is not C because hydrogen is a very abundant element 
It is the most common element in the universe 


The answer is not D because hydrogen fusion would produce a huge amount 
of energy 
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Galaxies are made up of billions of stars 
The Universe is made up of many different galaxies 


The Sun is one of billions of stars in a galaxy called the Milky Way 

Other stars in the Milky Way galaxy are much further away from Earth than the Sun 
is 

Some of these stars also have planets which orbit them 


MILKY WAY GALAXY 
YOU ARE HERE 


v 


Our solar system is just one out of potentially billions in our galactic neighbourhood, 
the Milky Way. There are estimated to be more than 100 billion galaxies in the entire 
universe 


Astronomical distances such as the distances between stars and galaxies, are so 
large that physicists use a special unit to measure them called the light-year 


One light-year is: 
The distance travelled by light through (the vacuum of) space in one year 


The speed of light is the universal speed limit, nothing can travel faster than the 
speed of light 
But over astronomical distances, light actually travels pretty slowly 
The diameter of the Milky Way is approximately 100 000 light-years 
This means that light would take 100 000 years to travel across it 


EXTENDED 
One light year = 9.5 x 10!2 km = 9.5 x 101° m 
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YOUR NOTES 
EXTENDED l 
1. Nebula 
All stars form from a giant interstellar cloud of hydrogen gas and dust called a 
nebula 


2. Protostar 


The force of gravity within a nebula pulls the particles closer together until it 
forms a hot ball of gas, known as a protostar 
As the particles are pulled closer together the density of the protostar will 
increase 
This will result in more frequent collisions between the particles which causes 
the temperature to increase 


3. Main Sequence Star 


Once the protostar becomes hot enough, nuclear fusion reactions occur within its 
core 

The hydrogen nuclei will fuse to form helium nuclei 

Every fusion reaction releases heat (and light) energy which keeps the core hot 


Once a protostar is formed, its life cycle will depend on its mass 
The different life cycles are shown below: 
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ie) M STELLAR NEBULA DE 
$ PROTOSTAR 


| 


‘ e MAIN SEQUENCE STAR 
STARS ABOUT STARS MUCH 


THE SAME SIZE BIGGER THAN 
AS THE SUN THE SUN 


RED GIANT 
STAR 


: RED SUPER 
GIANT STAR 


® SUPERNOVA 


E NEUTRON BLACK 
STAR is HOLE 
Flow diagram showing the life cycle of a star which is the same size as the Sun (solar 
mass) and the lifecycle of a star which is much bigger than the Sun 


Once a Star is born it is known as a main-sequence star 
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During the main sequence, the star is in equilibrium and said to be stable YOUR NOTES 
The inward force due to gravity is equal to the outward pressure force from J 
the fusion reactions 


4. Red Giant or Red Super Giant 

After several billion years the hydrogen causing the fusion reactions in the star will 

begin to run out 

Once this happens, the fusion reactions in the core will start to die down 

This causes the core to shrink and heat up 
The core will shrink because the inward force due to gravity will become 
greater than the outward force due to the pressure of the expanding gases as 
the fusion dies down 


A new series of reactions will then occur around the core, for example, helium 
nuclei will undergo fusion to form beryllium 
These reactions will cause the outer part of the star to expand 
A star the same size as the Sun or smaller will become a red giant 
A star much larger than the Sun will become a red super giant 
It is red because the outer surface starts to cool 


5. For Red Giant Stars 


Planetary Nebula 
Once this second stage of fusion reactions have finished, the star will become 


unstable and eject the outer layer of dust and gas 
The layer of dust and gas which is ejected is called a planetary nebula 


White Dwarf 


The core which is left behind will collapse completely, due to the pull of gravity, 
and the star will become a white dwarf 

The white dwarf will be cooling down and as a result, the amount of energy it 
emits will decrease 


Black Dwarf 


Once the star has lost a significant amount of energy it becomes a black dwarf 
It will continue to cool until it eventually disappears from sight 
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STELLAR NEBULA See PROTOSTAR MAIN SEQUENCE STAR 


EE e 
DWARF A 


eee © ees PLANETARY fm RED GIANT 
| NEBULA , 


The lifecycle of a solar mass star 
6. For Red Super Giants 


Supernova 


Once the fusion reactions inside the red supergiant finally finish, the core of the 
star will collapse suddenly causing a gigantic explosion 
This is called a supernova 


At the centre of this explosion a dense body, called a neutron star will form 
The outer remnants of the star will be ejected into space during the supernova 
explosion, forming a planetary nebula 

The nebula from a supernova may form new stars with orbiting planets 


Neutron Star (or Black Hole) 


In the case of the biggest stars, the neutron star that forms at the centre will 
continue to collapse under the force of gravity until it forms a black hole 
A black hole is an extremely dense point in space that not even light can 
escape from 
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STELLAR NEBULA l PROTOSTAR MAIN SEQUENCE STAR 


NEUTRON 

STAR 
BLACK 
HOLE 


Í SUPERNOVA mm RED SUPER $ 
a GIANT STAR 


Lifecycle of a star much larger than our Sun 
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YOUR NOTES 
l 


6.2.3 The Expanding Universe 


Usually, when an object emits waves, the wavefronts spread out symmetrically 
If the wave source moves, the waves can become squashed together or stretched 
out 


(Ø save myexams 


Diagram showing the wavefronts produced from a stationary object and a moving 
object 


A moving object will cause the wavelength, A, (and frequency) of the waves to 
change: 
The wavelength of the waves in front of the source decreases and the 
frequency increases 
The wavelength behind the source increases and the frequency decreases 
This effect is known as the Doppler effect 


The Doppler effect also affects light 
If an object moves away from an observer the wavelength of light increases 
This is known as redshift as the light moves towards the red end of the 
spectrum 


Redshift is: 


An increase in the observed wavelength of electromagnet radiation emitted 
from receding stars and galaxies 
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Light from a star that is moving towards an observer will be blueshifted and light 
from a star moving away from an observer will be redshifted 
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OBJECT NOT MOVING RELATIVE TO OBSERVER 


LOWER FREQUENCY 


The observer behind observes a red shift 


The Milky Way is just one of billions of galaxies that make up the Universe 
Light emitted from distant galaxies appears redshifted when compared with light 
emitted on Earth 


The diagram below shows the light coming to us from a close object, such as the 
Sun, and the light coming to us from a distant galaxy 
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LIGHT SPECTRUM FROM 


A CLOSE OBJECT SUCH 
AS THE SUN 


LIGHT SPECTRUM FROM 
A DISTANT GALAXY 


Comparing the light spectrum produced from the Sun and a distant galaxy 


The diagram also shows that the light coming to us from distant galaxies is 
redshifted 


The lines on the spectrum are shifted towards the red end 


This indicates that the galaxies are moving away from us 
If the galaxies are moving away from us it means that the universe is expanding 
The observation of redshift from distant galaxies supports the Big Bang theory 


Another observation from looking at the light spectrums produced from distant 
galaxies is that the greater the distance to the galaxy, the greater the redshift 
This means that the further away a galaxy, the faster it is moving away from 
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Graph showing the greater the distance to a galaxy, the greater the redshift YOUR NOTES 
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6.2.4 The Big Bang Theory YOUR NOTES 


l 


Around 14 billion years ago, the Universe began from a very small region that 
was extremely hot and dense 

Then there was a giant explosion, which is known as the Big Bang 

This caused the universe to expand from a single point, cooling as it does so, to 
form the universe today 

Each point expands away from the others 


This is seen from galaxies moving away from each other, and the further away 
they are the faster they move 


Redshift in the light from distant galaxies is evidence that the Universe is 
expanding and supports the Big Bang Theory 
As a result of the initial explosion, the Universe continues to expand 
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All galaxies are moving away from each other, indicating that the universe is 
expanding 


An analogy of this is points drawn on a balloon where the balloon represents 
space and the points as galaxies 
When the balloon is deflated, all the points are close together and an equal 
distance apart 
As the balloon expands, all the points become further apart by the same 
amount 
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This is because the space itself has expanded between the galaxies YOUR NOTES 
l 
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A balloon inflating is similar to the stretching of the space between galaxies 
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Evidence for the Big Bang 


The Big Bang theory is very well supported by evidence from a range of sources 
The main pieces of evidence are 

Galactic red-shift 

Cosmic Microwave Background Radiation (CMBR) 


Evidence from Galactic Red-Shift 
Galactic redshift provides evidence for the Big Bang Theory and the expansion of 


the universe 
The diagram below shows the light coming to us from a close object, such as the 


Sun, and the light coming to the Earth from a distant galaxy 


LIGHT SPECTRUM FROM 
A CLOSE OBJECT SUCH 


AS THE SUN 


LIGHT SPECTRUM FROM 
A DISTANT GALAXY 


Comparing the light spectrum produced from the Sun and a distant galaxy 


Red-shift provides evidence that the Universe is expanding because: 
Red-shift is observed when the spectral lines from the distant galaxy move closer 
to the red end of the spectrum 
This is because light waves are stretched by the expansion of the universe so 
the wavelength increases (or frequency decreases) 
This indicates that the galaxies are moving away from us 


Light spectrums produced from distant galaxies are red-shifted more than nearby 


galaxies 
This shows that the greater the distance to the galaxy, the greater the 


redshift 
This means that the further away a galaxy is, the faster it is moving away 


from the Earth 


These observations imply that the universe is expanding and therefore support 
the Big Bang Theory 


Page 46 of 52 


© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


563/569 


#savemy exams 


Head to savemyexams. co.uk for more awesome resources 


Tracing the expansion of the universe back to the beginning of time leads to the idea 
the universe began with a “big bang” 


EXTENDED 


Evidence from CMB Radiation 
The discovery of the CMB (Cosmic Microwave Background) radiation led to the Big 
Bang theory becoming the currently accepted model 


The CMB is a type of electromagnetic radiation which is a remnant from the 
early stages of the Universe 


It has a wavelength of around 1 mm making it a microwave, hence the name 
Cosmic Microwave Background radiation 


In 1964, Astronomers discovered radiation in the microwave region of the 


electromagnetic spectrum coming from all directions and at a generally uniform 
temperature of 2.73 K 


They were unable to do this any earlier since microwaves are absorbed by the 
atmosphere 


Around this time, space flight was developed which enabled astronomers to 
send telescopes into orbit above the atmosphere 


EXTENDED 


According to the Big Bang theory, the early Universe was an extremely hot and 
dense environment 


As a result of this, it must have emitted thermal radiation 
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The radiation is in the microwave region 
This is because over the past 14 billion years or so, the radiation initially from 
the Big Bang has become redshifted as the Universe has expanded 
Initially, this would have been high energy radiation, towards the gamma end 
of the spectrum 
As the Universe expanded, the wavelength of the radiation increased 
Over time, it has increased so much that it is now in the microwave region of 
the spectrum 


TIME: 14 BILLION YEARS 


300,000 YEARS AFTER AFTER THE BIG BANG 
THE BIG BANG (THE PRESENT) 


TEMPERAT URE: 3 KELVIN 
3000 KELVIN 


The CMB is a result of high energy radiation being redshifted over billions of years 


EXTENDED 


The CMB radiation is very uniform and has the exact profile expected to be emitted 
from a hot body that has cooled down over a very long time 
This phenomenon is something that other theories (such as the Steady State 
Theory) cannot explain 


EXTENDED 


The CMB is represented by the following map: 
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WARMER TEMPERATURE YOUR NOTES 
(HIGHER DENSITY OF GALAXIES) l 


„COOLER TEMPERATURE 
(LOWER DENSITY OF GALAXIES) 


The CMB map with areas of higher and lower temperature. Places with higher 
temperature have a higher concentration of galaxies, Suns and planets 


EXTENDED 


This is the closest image to a map of the observable Universe 

The different colours represent different temperatures 
The red / orange / brown regions represent warmer temperature indicating a 
higher density of galaxies 


The blue regions represents cooler temperature indicating a lower density of 
galaxies 


The temperature of the CMB radiation is mostly uniform, however, there are 
minuscule temperature fluctuations (on the order of 0.00001 K) 


This implies that all objects in the Universe are more or less uniformly spread 
out 
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6.2.5 Hubble & The Age of the Universe YOUR o 


EXTENDED 


In 1929, the astronomer Edwin Hubble showed that the universe was expanding 
He did this by observing that the absorption line spectra produced from the 
light of distant galaxies was shifted towards the red end of the spectrum 
This doppler shift in the wavelength of the light is evidence that distant 
galaxies are moving away from the Earth 


Hubble also observed that light from more distant galaxies was shifted further 
towards the red end of the spectrum compared to closer galaxies 
From this observation he concluded that galaxies or stars which are further 
away from the Earth are moving faster than galaxies which are closer 


VERY DISTANT GALAXY ES) 
DISTANT GALAXY SS S| 
NEARBY GALAXY [SSIS 
NEARBY STAR [iS aa 


LABORATORY REFERENCE [ii S/S 
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Hubble’s law states: 


The recessional velocity v of a galaxy is proportional to its distance from Earth 


Hubble’s law can be expressed as an equation: 


y 
H; = d 
Where: 
Ho = Hubble constant, this will be provided in your examination along with the 
correct units (km s~} Mpc?) 
The accepted value is that Hy = 2.2 x 10718 per second 
v = recessional velocity of an object, the velocity of an object moving away 
from an observer (km s74) 
d = distance between the object and the Earth (Mpc) 


As the equation shows, the Hubble Constant, Hg is defined as: 


The ratio of the speed at which the galaxy is moving away from the Earth, to its 
distance from the Earth 


Page 50 of 52 
© 2015-2021 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers 


————— 


567/569 


#save my exams 


Head to savemyexams.co.uk for more awesome resources 


EXTENDED 


Since Hubble's Law states that 


poe 
0 d 

It can be rearranged to show that 
1 d 
H v 


Hubble’s law shows that the further away a star is from the Earth, the faster it is 
moving away from us 


MORE DISTANT GALAXIES 
ARE MOVING AWAY AT œ 
A FASTER VELOCITY 
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A key aspect of Hubble’s law is that the furthest galaxies appear to move away the 
fastest 


The gradient of the graph can be used to find the Age of the Universe 
When the distance equals zero, this represents all the matter in the Universe 
being at a single point 
This is the singularity that occurred at the moment of the Big Bang 


The units of the gradient are per second (the same as the units of the Hubble 
Constant) 


By taking the reciprocal, or, H the units will become seconds 

0 
Therefore the reciprocal of the gradient represents time and gives the amount 
of time which the Universe has been expanding for 
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Astronomers have used this formula to estimate the age of the Universe at about YOUR NOTES 
13.7 billion years J 


© Worked Example 


e A distant galaxy is 20 light-years away from Earth. 


Use Hubble’s Law to determine the velocity of the galaxy as it moves away 
from Earth. 


The Hubble constant is currently agreed to be 2.2 x 10718 s-1, 


Step 1: List the known quantities: 


d = 20 light years 
Ho = 2.2 x 10718 s-! 


Step 2: Convert 20 light-years to m: 


From the data booklet: 1 ly = 9.5 x 101° m 
So, 20 ly = 20 x (9.5 x 101°) = 1.9 x 1017 m 


Step 3: Substitute values into Hubble's Law: 


From the data booklet: v = Hod 
So, v = (2.2 x 10718) x (1.9 x 1017) = 0.418 m s~! 


Step 4: Confirm your answer: 


The velocity of the galaxy as it moves away from Earth 0.42 m s~} 
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